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ABSTRACT 


In  this  research,  an  electronic  daughterboard  to  be  used  on  the  Microelectronics  and 
Photonics  Test  Bed  satellite  was  designed.  A  printed  circuit  board  with  radiation-hardened 
components  was  laid  out  to  test  various  families  of  static  RAM  chips  and  an  experimental 
Gallium-Arsenide  integrated  circuit.  Computer-aided-design  tools  produced  by  Cadence  Design 
Systems  were  used  to  logically  and  physically  design  the  experiment.  Output  from  the  Cadence 
software  provides  the  information  necessary  to  fabricate,  assemble,  and  test  the  board. 
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I.  INTRODUCTION 


A.  OVERVIEW 

In  order  to  understand  the  effects  of  space  radiation  on  several  different  new  electronic  and 
opto-electronic  technologies,  the  Department  of  Defense  (DoD)  has  scheduled  a  satellite  launch  to 
study  the  new  devices.  The  satellite,  the  Microelectronics  and  Photonics  Test  Bed  (MPTB),  is  a 
satellite  payload  that  will  be  used  to  measure  the  effects  of  space  radiation  on  microelectronic  and 
photonic  devices  and  subsystems.  Changes  in  device  characteristics  caused  by  space  radiation  will 
be  measured  in  a  controlled  experiment.  Total  Ionizing  Dose  (TID),  Dose-Rate  Effects  (DRE),  and 
Single  Event  Upsets  (SEU)  are  phenomenon  to  be  studied  in  the  MPTB  experiment. 
Experimental  results  will  be  transmitted  to  ground  stations  for  further  analysis  and  dissemination. 

This  thesis  documents  the  design  of  an  experiment  to  test  for  memory  errors  caused  from 
TID,  DRE  and  SEU  on  high-speed  integrated  circuit  (IC)  memory  chips  of  various  logic  families. 
The  design  contains  a  microcontroller  to  write  test  patterns  to  each  memory  chip  and  then  monitor 
the  integrity  of  the  data.  Detected  errors  will  then  be  compiled  and  recorded.  Addditionally,  the 
experiment  will  be  designed  to  control  an  experimental  GaAs  IC.  The  chip  autonomously  writes, 
tests,  and  compiles  its  own  test  data,  but  requires  input  to  start  and  set  internal  clock  speed. 
Finally,  the  output  data  of  the  experiment  must  be  sent  to  the  main  control  unit  of  the  MPTB  in 
order  to  be  transmitted  to  a  ground  station. 

B.  THESIS  ORGANIZATION 

The  goal  of  this  thesis  is  to  design  a  printed  circuit  board  (PCB)  with  radiation-hardened 
components  in  order  to  test  orbital  radiation  effects  of  the  selected  test  chips  and  to  relay  this 
information  to  the  main  control  package  of  the  MPTB.  Chapter  II  will  present  an  overview  of  the 
radioactive  environment  of  space  and  how  this  impacts  semiconductor  components.  Chapter  III 
discusses  the  MPTB  satellite  and  daughterboard  interfacing  to  the  satellite.  Chapter  IV  will 
discuss  component  selection  and  issues  concerned  with  using  the  components  together.  Chapter  V 
discusses  connectivity  and  operation  of  the  designed  PCB.  Chapter  VI  presents  a  summary  of  the 
Cadence  Board  Design  tools.  Chapter  VII  presents  conclusions,  future  considerations,  and 
requirements. 
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II.  SATELLITE  ENVIRONMENT 


A.  RADIATION  EFFECTS  ON  SEMICONDUCTORS 

1.  TIDs,  DREs  &  SEUs 

Ionizing  radiation  effects  in  space  vehicle  electronics  can  be  separated  into  three  areas: 
total  ionizing  dose  (TID),  dose-rate  effects  (DRE),  and  single  event  upsets  (SEU).  Each  of  these 
effects  are  distinct  with  respect  to  one  another,  however,  the  underlying  result  of  all  three  effects  is 
the  malfunction  of  electronic  components  in  orbit.  Reference  2  contains  an  in  depth  summary  of 
these  problems.  The  remainder  of  this  chapter  shall  point  out  the  important  aspects  of  effects. 

TID  is  the  long-term  degradation  of  electronics  due  to  the  cumulative  energy  deposited  in  a 
material.  Effects  include  parametric  failures  or  variations  in  device  parameters  such  as  leakage 
current,  threshold  voltage,  etc.,  and  functional  failures.  Significant  sources  of  TID  exposure  in  the 
space  environment  include  trapped  electrons,  trapped  protons,  and  solar  flare  protons. 

Another  negative  cumulative  effect  on  semiconductor  devices  is  caused  by  neutron 
bombardment.  Neutrons  and  other  high  mass  particles  cause  displacement  damage  from  physical 
interaction  with  the  silicon  lattice.  This  damage  results  in  decreased  minority  carrier  capacity, 
increased  junction  leakage  currents,  and  reduced  carrier  mobility.  Significant  numbers  of  neutrons 
are  present  during  solar  flare  activity. 

DREs  occur  when  a  short-duration,  high  energy  burst  of  radiation  strikes  a  semiconductor 
and  induces  an  electric  current  in  the  semiconductors  substrate.  The  induced  current  is  potentially 
sufficient  to  be  destructive  to  electronic  devices.  One  example  of  a  DRE  is  latchup.  Modem 
electronic  components  make  extensive  use  of  complementary  field-effect  transistors.  An  unwanted 
by-product  of  this  technology  is  the  presence  of  parasitic  bipolar-junction  transistors  (BIT)  at  the 
well/substrate  PN  junction.  A  high  energy  burst  of  radiation  can  generate  the  necessary  current  to 
“tum-on”  the  parasitic  BJTs.  This  effectively  creates  a  short-circuit  between  power  and  ground, 
resulting  in  the  disabling  or  destmction  of  the  associated  FET. 

SEUs  occur  when  a  single  ion  strikes  the  material,  depositing  sufficient  energy  in  the 
device  to  cause  a  fault.  SEUs  may  be  divided  into  two  main  categories:  soft  errors  and  latchup.  In 
general,  a  soft  error  occurs  when  a  transient  pulse  or  bit-flip  in  the  device  causes  a  detectable  error 
at  the  device  output.  Therefore,  soft  errors  are  entirely  device  specific  and  are  best  categorized  by 


3 


their  impact  on  the  device.  Latchup  may  be  physically  destructive  to  the  device,  and  can  cause 
permanent  or  semi-permanent  functional  problems. 

2.  Impact  of  Radiation  Effects 

Device  parametric  and  permanent  functional  failure  are  the  principal  failure  modes 
associated  with  the  TID  environment.  Since  TID  is  a  cumulative  effect,  total  dose  tolerances  of 
devices  are  characterized  as  mean-time-to-failure  (MTTF),  where  the  time-to-failure  is  the  amount 
of  mission  time  until  the  device  has  encountered  enough  dose  to  cause  failure.  The  mission  orbit, 
launch  date,  and  launch  length  determine  the  external  radiation  environment.  The  device  exposure 
to  this  hazard  is  determined  by  the  amount  of  shielding  between  the  device  and  the  external 
environment. 

The  system-level  impact  of  SEU  depends  on  the  type  and  location  of  the  effect,  as  well  as 
on  the  design.  Permanent  device  failure  is  obviously  of  great  concern.  The  effects  of  propagation  of 
transient  SEUs  through  a  circuit,  subsystem,  and  system  are  also  of  particular  importance.  For 
example,  a  device  error  or  failure  may  have  effects  propagating  to  critical  mission  elements,  such 
as  a  command  error  affecting  thruster  firing.  There  are  also  cases  where  SEUs  may  have  little  or 
no  observable  effect  on  a  system. 

B.  SOURCE  OF  ORBITAL  RADIATION 

The  main  sources  of  radiation  that  contribute  to  TID,  DRE  and  SEU  are: 

•  Protons  and  electrons  trapped  in  the  Van  Allen  belts. 

•  Cosmic  ray  protons  and  heavy  ions. 

•  Neutron,  protons  and  heavy  ions  from  solar  flares. 

The  levels  of  some  of  these  sources  are  affected  by  the  activity  of  the  sun.  The  solar  cycle 
varies  from  a  solar  minimum  to  a  solar  maximum.  An  average  cycle  lasts  about  1 1  V2  years.  A 
solar  maximum  lasts  1  to  2  years  and  is  followed  by  a  3  to  4  year  period  of  decreasing  solar 
activity  after  which  a  solar  minimum  occurs.  A  solar  minimum  lasts  1  to  2  years  and  is  followed 
by  a  period  of  increasing  activity  of  3  to  4  years. 

1.  Charged  Particles  Trapped  in  the  Van  Allen  Belts 

SEUs  in  high  density  electronic  parts  are  primarily  caused  by  proton  bombardment  in  the 
Van  Allen  Radiation  Belt.  It  is  difficult  to  shield  against  high  energy  protons  that  cause  SEU 
problems  and  contribute  significantly  to  TID,  within  the  weight  budget  of  a  spacecraft.  The  Van 
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Allen  Radiation  Belt  is  a  region  around  the  earth  consisting  primarily  of  positively  charged  protons 
and  negatively  charged  electrons.  The  belt  is  divided  into  an  inner  and  outer  zone.  The  inner  zone 
begins  at  a  few  hundred  miles  altitude  at  the  equator  to  approximately  5,600  miles.  The  outer 
region  extends  from  7,200  miles  out,  to  approximately  44,000  miles  out  [Ref  3,  p.3].  The  particle 
density  of  the  outer  zone  is  higher  by  about  an  order  of  magnitude  compared  to  the  inner  zone.  An 
area  of  particular  interest  is  the  South  America  Anomaly  (SAA).  The  SAA  is  a  region  of  the  Van 
Allen  Belt  where  the  lower  boundary  of  the  iimer  zone  dips  to  a  mere  50  to  100  nautical  miles 
above  the  surface  of  the  earth.  Thus,  even  satellites  in  the  lowest  orbits  are  effected.  The  level  of 
radioactive  activity  and  the  actual  physical  boundaries  of  the  Van  Allen  Belt  depend  on  particle 
energy  and  are  affected  by  secular  variation  in  the  magnetic  field,  magnetic  perturbations,  local 
time  effects,  solar  cycle  variations,  and  individual  solar  events. 

2.  Cosmic  Ray  Protons  and  Heavy  Ions 

Galactic  cosmic  ray  particles  originate  outside  of  the  solar  system.  The  flux  levels  of  these 
particles  are  low,  but  because  they  include  highly  energetic  particles  of  heavy  elements  such  as 
iron,  they  produce  intense  ionization  as  they  pass  through  matter.  Cosmic  ray  particle  population 
also  varies  with  the  solar  cycle.  The  earths  magnetic  field  provides  spacecraft  with  varying  degrees 
of  protection  from  the  cosmic  rays,  depending  primarily  on  the  inclination  but  also  on  the  altitude 
of  the  orbit.  The  energy  levels  of  galactic  cosmic  ray  particles  also  vary  with  the  ionization  state  of 
the  particle 

3.  Protons,  Neutrons,  and  Heavy  Ions  from  Solar  Flares 

When  solar  flare  activity  is  present,  high  concentrations  of  protons,  neutrons,  and  heavy 
ions  are  present  in  earth  orbit.  The  level  of  solar  flare  activity  from  the  sun  varies  with  the  11  V2 
year  solar  cycle.  The  solar  maximum  is  characterized  by  solar  activity  during  which  large  flare 
events  can  occur.  Events  last  from  several  hours  to  a  few  days  and  energies  may  reach  a  few 
hundred  MeV.  As  with  the  galactic  cosmic  ray  particles,  the  solar  flare  particles  are  attenuated  by 
the  magnetosphere  of  the  earth.  As  with  the  high  energy  trapped  protons,  they  are  difficult  to 
shield  against.  Therefore,  in  spite  of  their  low  numbers,  they  constitute  a  significant  hazard  to 
electronics  in  terms  of  SEUs. 
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4.  Variation  In  Radioactive  Exposure 

There  are  extremely  large  variations  in  the  TID,  DRE  and  SEU  levels  that  a  given 
spacecraft  encounters,  depending  on  its  orbit  through  the  radiation  sources.  Low  Earth  Orbit 
(LEOs)  satellites  pass  through  the  particles  trapped  in  the  Van  Allen  belts  several  times  each  day, 
especially  in  the  vicinity  of  the  S  AA.  The  amount  of  radiation  that  a  satellite  is  exposed  to  during 
these  passes  varies  greatly  with  orbit  inclination  and  altitude.  Highly  Elliptical  Orbits  (HEOs)  are 
similar  to  LEOs  in  that  they  pass  through  the  Van  Allen  belts  each  day.  However,  because  of  their 
high  altitude,  they  also  have  long  exposures  to  the  cosmic  ray  and  solar  flare  environments 
regardless  of  their  inclination.  In  Geosynchronous  Orbits  (GEOs),  the  only  trapped  protons  that 
are  present  are  below  energy  levels  necessary  to  initiate  the  nuclear  events  in  materials  surrounding 
the  sensitive  region  of  the  device  that  cause  SEUs.  However,  GEOs  are  almost  fully  exposed  to  the 
galactic  cosmic  ray  and  solar  flare  particles. 
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III.  MICROELECTRONICS  &  PHOTONICS  TEST  BED  SATELLITE 


A.  DAUGHTERBOARD  EXPERIMENT  DESIGN 

1.  Overview 

The  design  project  is  a  daughterboard  experiment  for  the  MPTB.  The  experiment  is 
designed  to  test  high-speed  integrated  circuit  (IC)  memory  chips  in  the  high  radiation  environment 
the  MPTB  is  scheduled  to  fly  in.  The  daughterboard  will  perform  two  primary  fimctions.  First, 
the  daughterboard  will  write  test  patterns  to  memory  chips,  each  of  a  different  logic  family.  The 
test  patterns  will  be  continuously  monitored  for  evidence  of  SEUs,  DREs,  and  TID.  Second,  the 
daughterboard  will  control  an  experimental  gallium-arsenide  (GaAs)  IC.  Results  will  be  compiled, 
stored,  and  sent  to  the  MPTBs  Core  Electronics  Unit  for  transmission  to  a  ground  station. 

2.  High-Speed  Logic 

The  high-speed  logic  test  is  designed  to  compare  memory  ICs  of  different  logic  families  for 
susceptibility  to  space  radiation.  The  experiment  is  not  designed  to  compare  the  access  speeds  of 
the  different  memory  ICs.  For  the  high  speed  logic  experiment,  a  256  x  4  gallium-arsenide  (GaAs) 
static  random-access  memory  (SRAM)  IC  and  a  256  x  4  emitter-coupled-logic  (ECL)  SRAM  IC 
were  chosen  to  test.  A  4k  x  4  CMOS  SRAM  IC  was  added  to  provide  a  baseline  for  comparison. 

a.  GaAs 

Gallium  arsenide  is  the  fastest  logic  technology  with  gate  delays  as  low  as  10 
picoseconds  [Ref.l,  p.970].  GaAs  technology  utilizes  field-effect  transistors,  but  because  the 
mobility  of  electrons  for  gallium-arsenide  is  five  times  that  of  silicon,  GaAs  gates  are  substantially 
faster  then  their  silicon  counterparts.  GaAs  ICs  also  consume  considerably  less  power  than  CMOS 
circuits  of  comparable  speed  and  functionality.  Furthermore,  it  is  also  less  expensive  than  ECL  or 
BiCMOS,  and  it  the  fastest  commercially  available  logic  family.  On  the  negative  side,  this 
technology  suffers  from  a  relatively  narrow  noise  margin. 

b.  ECL 

Emitter  coupled  logic  is  the  fastest  technology  based  on  bipolar  junction 
transistors.  Gate  delay  for  this  logic  is  as  low  as  1  nanosecond  [Ref  4,  p.l75].  The  disadvantages 
to  ECL  include  high  current  levels,  causing  high  power  dissipation  and  heat  buildup,  which  is 
difficult  to  dissipate.  Another  negative  attribute  of  ECL  is  poor  IC  integration.  Voltage  levels  for 
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this  family  are  -5.2  and  0  volts  for  a  logical  one  and  zero  respectively,  making  ECL  chips 
compatible  with  CMOS  and  TTL  only  through  the  use  of  logic  converters. 

a  CMOS 

Complimentary  metal  oxide  (CMOS)  semiconductors  are  by  far  the  most  popular 
family  of  IC  logic.  Strengths  of  this  family  include  very  low  power  dissipation,  the  capability  for 
very  high  degrees  of  integration,  and  low  cost  to  manufacture.  However,  silicon  FETs  do  not 
possess  the  gate  speeds  as  other  logic  families. 

3.  Experimental  GaAs  IC 

The  GaAs  experimental  chip  is  semi-autonomous.  The  chip  generates  its  own  test  patterns 
at  eight  different  clock  speeds,  monitors  itself  for  errors,  and  counts  the  number  of  SEUs  that 
occur.  The  chip  does  require  outside  inputs  to  begin  execution,  select  a  clock  speed,  and  latch 
results. 


B.  MPTB  FUNCTIONAL  DESCRIPTION 

The  MPTB  consists  of  a  central  Core  Electronics  Unit  (CEU)  and  three  experiment  panels. 
MPTB  experiments  occupy  daughterboard  slots  on  each  panel.  Up  to  eight  daughterboards  may  be 
fitted  on  each  panel.  A  block  diagram  is  shown  in  Figure  1. 


Figure  1:  MPTB  Functional  Layout 
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C.  DAUGHTERBOARD  INTERFACE  WITH  SATELLITE 


1.  Connectivity 

The  CEU  manages  overall  operation  of  the  MPTB,  including  sending  telemetry  to  ground 
stations.  Daughterboard  experiments  communicate  with  the  CEU  via  Experimental  Panel 
Controllers  (EPC) .  Figure  2  shows  a  block  diagram  of  the  EPC. 
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Figure  2:  Experimental  Panel  Controller 

Connection  from  the  EPC  to  the  daughterboard  experiment  is  made  via  a  96-pin  connector 
(  part  #  ELCO  10-8477-096-002-904  ).  The  pin  assignments  are  tabulated  on  the  next  page  in 
Table  1. 
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Pin 

Row  A 

RowB 

Row  C 

17 

-5.2  V 

-5.2  V 

-5.2  V 

18 

-5.2  V 

-5.2  V 

-5.2  V 

19 

-5.2  V 

-5.2  V 

-5.2  V 

20 

GND 

GND 

GND 

21 

GND 

GND 

GND 

22 

+15  V 

+15  V 

+15  V 

23 

-15  V 

-15  V 

-15  V 

24 

ANA^RTN 

ANA^RTN 

ANA_RTN 

25 

ANA_RTN 

ANA^RTN 

D/A^REF 

26 

ANALOGl 

ANA^RTN_S 

D/A_V 

27 

ANALOG2 

ANALOG? 

ANALOG12 

28 

ANALOG3 

ANALOGS 

ANALOG13 

29 

ANALOG4 

ANALOG9 

ANALOGl  4 

30 

ANALOG5 

ANALOGIC 

Dosim_G 

31 

ANALOGS 

ANALOGl  1 

Doslm_S 

32 

Temp_High 

Tenip_rtn 

Dosim_D 

Pin 

Row  A 

Row  B 

Row  C 

1 

ADDRO 

ADDR7 

DATAO 

2 

ADDRl 

ADDR8 

DATAl 

3 

ADDR2 

ADDR9 

DATA2 

4 

ADDR3 

ADDRIO 

DATA3 

5 

ADDR4 

RD* 

DATA4 

6 

ADDR5 

WR* 

DATA5 

7 

ADDR6 

INT* 

DATA6 

8 

BD^SEL* 

INT^RESET* 

DATA? 

9 

unassigned 

RESET* 

unassigned 

10 

GND 

GND 

GND 

11 

GND 

GND 

GND 

12 

+5V 

+5V 

+5V 

13 

+5V 

+5V 

+5V 

14 

+5V 

+5V  ! 

+5V 

15 

GND 

GND 

GND 

16 

GND 

GND 

GND 

Table  1:  ELCO  Connector  Pin  Assignments 

The  panel  controller  provides  both  electric  power  and  communication  to  the  daughterboard 
via  the  ELCO  connector.  Power  supplies  of  interest  include  Vcc  (  +5  V  ),  Vee  (  -5.2  V  ),  and 
GND.  Communication  of  data  from  the  daughterboard  is  available  via  an  1 1-bit  address  bus  and 
an  8-bit  data  bus.  The  eleven  bit  address  defines  an  address  space  of  two  kilobytes  of  shared 
memory  space.  These  signals,  as  well  as  the  memory  read  and  write  strobes  fi'om  the  EPC 
microcontroller,  are  sent  via  Harris  HCS245MS  bus  transceivers.  Figure  3  on  the  following  page 
details  this  operation. 
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Figure  3:  Daughterboard  Communication  Circuitry 

These  bus  transceivers  are  mounted  on  the  EPC  motherboard.  Output  from  the  bus  transceivers 
are  connected  to  the  96-pin  daughterboard  connector.  The  DIR  pins  are  tied  to  ground  on  the 
bottom  two  bus  transceivers  which  sets  the  transmission  direction  from  the  panel  controller  side  to 
the  daughterboard  side.  The  flow  on  the  top  transceiver  is  bi-directional.  This  DIR  pin  is  tied  to 
the  EPC  microcontroller  read  strobe  to  facilitate  direction  of  data  flow. 


2.  Communication  Resources 

Communication  between  the  daughterboard  and  the  EPC  is  accomplished  via  the  address, 
data,  read/write,  and  interrupt  pins  of  the  96-pin  connector.  As  indicated  on  Table  1,  pins  5B,  6B, 
7B,  8A,  8B,  and  9B  are  assigned  to  RD*,  WR*,  INT*,  BD_SEL*,  INT_RESET*,  and  RESET*, 
respectively. 

a.  RD*andWR* 

These  signals  are  individually  driven  low  when  the  ECP  microcontroller  is  reading 
from  or  writing  to  shared  memory. 
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b.  INT* 

The  daughterboard  can  pull  this  line  low  to  send  an  interrupt  to  the  ECP 
microcontroller.  The  purpose  of  this  is  to  tell  the  ECP  that  the  daughterboard  has  data  in  shared 
memory  to  pass  on.  The  daughterboard  must  not  modify  the  data  until  the  INT*  line  is  reset  by  the 
ECP  microcontroller. 

a  INT_RESET* 

This  line  is  driven  low  by  the  ECP  microcontroller  to  reset  a  daughterboard  INT* 
line.  This  is  done  when  the  ECP  microcontroller  has  read  the  necessary  data  stored  in  shared 
memory.  The  ECP  will  keep  this  signal  low  until  the  daughterboard  INT*  line  returns  to  a  logical 
one  level. 

(L  BD_SEL* 

This  signal  is  driven  low  when  the  ECP  microcontroller  selects  the  daughterboard. 
From  the  time  of  the  falling  edge  of  this  signal,  the  daughterboard  has  657  nanoseconds  [Ref  2] 
until  the  EPC  microcontroller  takes  control  of  the  shared  memory. 

e.  RESET* 

This  signal  is  driven  low  by  the  ECP  to  reset  all  daughterboards. 

3.  Communication  Interface 

Data  may  be  passed  between  the  ECP  and  the  daughterboard  via  two  software  protocols. 
Type  1  Interface  and  Type  2  Interface.  Each  interface  is  designed  to  be  as  modular  as  possible  to 
facilitate  the  swapping  of  daughterboards  if  the  need  arose. 

a.  Type  1  Interface 

Type  1  provides  for  a  simple  start/stop  command  structure.  This  protocol  is 
envisioned  for  use  on  memory  experiment  daughterboards.  It  provides  for  recording  the  address 
range  of  a  particular  segment  of  a  test  and  the  test  pattern  used.  It  can  report  errors  for  specific 
addresses  and  error  count  for  a  time  period.  This  method  uses  the  INT*  and  INT_RESET*  signal 
lines  to  control  data  flow. 
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b.  Type  II  Interface 

This  interface  is  designed  for  experiments  that  require  more  complex  commands 
and/or  will  generate  complex  or  variable  error  messages.  Since  the  daughterboard  for  this  thesis 
will  most  likely  use  Type  I  Interface,  no  further  comment  shall  be  made. 
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IV.  DAUGHTERBOARD  COMPONENT  SUMMARY 


A.  OVERVIEW 

Circuit  board  design  begins  with  a  conceptual  idea  or  a  design  proposal.  An  important 
aspect  of  turning  a  design  proposal  into  a  working  design  is  finding  a  suitable  place  to  start.  For 
the  MPTB  daughterboard  design,  the  place  to  start  was  with  the  microcontroller.  There  are  many 
microcontrollers  and  microprocessors  available  to  choose  from.  However,  the  requirement  that  the 
microcontroller  needs  to  be  radiation  hardened  greatly  narrows  the  list  of  choices.  With  a 
microcontroller  chosen,  one  may  proceed  with  basic  needs:  memory,  address  decoding,  non¬ 
volatile  storage,  etc.  The  next  element  to  be  considered  is  communication  with  the  daughterboard 
panel  controller.  As  the  protocol  for  accomplishing  this  is  usually  dictated  by  the  controlling 
device,  it  simply  remains  to  implement  the  necessary  signals.  Once  this  is  complete,  one  may  wire 
up  the  memory  chips  to  be  tested  to  the  microcontroller  bus  and  control  signals.  From  the  aspect 
of  a  memory  experiment,  the  daughterboard  is  essentially  complete. 

This  chapter  is  dedicated  to  explaining  the  operation  of  the  daughterboard.  The  first 
section  will  summarize  the  individual  components  on  the  board.  Subsequent  sections  will  explain 
the  operation  of  various  subsections  of  the  design. 

B.  SUMMARY  OF  DAUGHTERBOARD  COMPONENTS 

From  this  point  forward,  the  following  convention  shall  be  used.  Pins  with  active-low 
signals  will  be  designated  with  an  asterisk.  For  example,  a  component  with  an  active  low  chip- 
select  pin,  CS,  shall  be  designated  CS*.  Datasheets  for  the  following  components  are  available  in 
Appendix  B. 

1.  UT69RH051  Microcontroller 

The  UT69RH051  is  a  radiation  hardened  CMOS  microcontroller  made  by  United 
Technologies  Corporation  (UTMC).  The  chip  is  based  on  the  widely  used  Intel  8051 
microcontroller  and  uses  the  same  MCS51  assembly  language.  It  has  four  8-bit  programmable 
I/O  ports  numbered  Port  0  to  Port  3.  Port  0  and  Port  2  are  usually  used  as  a  16-bit  address  bus, 
allowing  it  to  address  65  kilobytes  of  memory.  Port  0,  which  comprises  the  low  byte  of  the  address 
bus,  is  multiplexed  with  the  8-bit  data  bus.  Read  and  Write  strobes  on  Port  3  control  external  data 
reads  and  writes.  Finally,  the  UT69RH05 1  has  two  pins  on  Port  3  for  external  interrupts. 
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2.  UT22VP10 

The  UT22VP10  is  a  radiation  hardened  programmable  array  logic  (PAL)  made  by  UTMC. 
The  TTL  version  was  chosen  because  the  it  can  source  much  more  current  to  the  outputs.  This  IC 
will  be  used  to  implement  all  random  logic  functions  (AND,  NAND,  OR,  NOR,  NOT)  in  one  IC. 
The  UT22VP10  features  up  to  eleven  inputs  and  10  outputs. 

3.  HS138MS 

The  HS138MS  is  a  radiation-hardened  3-to-8  CMOS  decoder  made  by  the  Harris 
Corporation.  The  purpose  of  this  chip  is  to  provide  address  decoding.  The  chip  has  three  inputs 
(A0..2)  and  eight  active-low  outputs  (Y7..0*).  Chip  select  is  accomplished  via  three  enable  inputs 
(El*,  E2*,  E3),  allowing  up  to  three  separate  signals  to  control  the  device.  All  outputs  have 
logical  ones  written  to  them  when  any  one  of  the  enables  is  not  set  This  IC  will  be  used  for  address 
decoding  for  the  various  memories  on  the  daughterboard. 

4.  HCST541MS 

The  HCST541MS  is  a  radiation-hardened  8-bit  tri-state  buffer.  This  IC  is  used  to  isolate 
components  on  the  data  bus  when  those  components  are  not  selected.  The  ‘541  has  an  8-bit  input 
(A7..0),  8-bit  output  (Y7..0),  and  two  output  enable  pins  (OE2*,OEl*).  The  separate  output 
enable  pins  allow  for  added  flexibility  for  output  control. 

5.  HCS573MS 

The  HS573MS  is  a  radiation-hardened  8-bit  CMOS  latch  made  by  Harris.  The  purpose  of 
this  chip  is  to  latch  the  lower  byte  of  the  address  of  the  microcontroller.  Recalling  that  the  lower 
address  byte  of  the  microcontroller  is  multiplexed  with  the  data  outputs,  the  latch  grabs  the  address 
byte  to  prevent  address  timing  difficulties  that  may  be  encountered  when  a  microcontroller 
addresses  different  types  of  memories  with  their  own  unique  timing  characteristics.  The  573  has 
an  8-bit  input  (D7..0)  and  an  8-bit  tri-state  output  (Q7..0).  Chip  operation  is  controlled  by  an 
active-low  output  enable  (OE*)  and  an  active-low  latch  enable  (LE*).  The  latch  is  logically 
transparent  when  latch  enable  is  high.  Inputs  are  latched  on  a  high-low  latch  enable  transition.  The 
‘573  is  functionally  similar  to  the  ‘373  latch  commonly  found  on  TTL/CMOS  ICs.  However,  the 
‘573  features  a  “broadside”  pinout;  that  is,  all  inputs  on  one  side  and  outputs  on  the  other. 
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6.  HS-6664RH 

The  HCS6664RH  is  a  radiation-hardened  8k  x  8  CMOS  PROM  made  by  Harris.  The 
purpose  of  using  this  chip  is  to  provide  non-volatile  memory  storage  for  the  daughterboard.  The 
‘6664  features  a  13-bit  latched  address  input  (A12..0)  and  8-bit  tri-state  data  outputs  (DQ7..0). 
The  chip  may  be  programmed  by  setting  program  select  (P*)  low.  Two  other  inputs,  chip  select 
(£♦)  and  output  select  (G*),  control  overall  chip  functions  and  output  functions  respectively. 

7.  HS-65647RH 

The  HS-656457RH  is  a  radiation-hardened  8k  x  8  CMOS  SRAM  made  by  Harris.  The 
purpose  of  the  ‘65647  is  to  provide  memory  space  for  the  microcontroller  to  do  calculations.  The 
chip  features  a  13-bit  address  input  (A12..0)  and  8-bit  tri-state  data  output  (DQ7..0).  Control 
signals  consist  of  two  chip  select  pins  (El*,  E2),  one  output  enable  (G*),  and  one  write  enable 
(W*). 

8.  HS-82C85RH 

The  HS-82C85RH  is  a  radiation  hardened  CMOS  clock  generator  made  by  Harris.  The 
purpose  of  the  chip  is  to  input  an  oscillating  waveform  and  output  a  consistent,  square-wave,  clock 
signal.  The  chip  has  two  crystal  inputs  (XI,  X2).  Three  sets  of  control  pins,  a  speed  operation  pin 
(FST/SLO),  ciy'stal/oscillator  select  pin  (F/C),  and  three  start/stop  pins  (S2..0)  are  used  to  control 
chip  operation.  Clock  outputs  are  available  in  either  a  one-to-one  ratio  with  the  input  (OSC)  or  a 
divide-by-three  ratio  with  the  input  (CLK50). 

9.  100328 

The  100328  is  an  octal  bi-directional  ECL/TTL  logic  converter.  A  radiation  hardened 
version  is  available  from  National  Semiconductor.  This  1C  is  used  to  convert  logic  signals  to  and 
from  the  ECL  memory  chip  to  be  tested  on  the  daughterboard.  Inputs/outputs  (I/O)  consist  of  eight 
TTL  I/O  pins  (T7..0)  and  eight  ECL  I/O  pins  (E7..0).  The  logic  level  on  the  direction  control  pin 
(DIR)  controls  if  the  chip  is  in  ECL-to-TTL  or  TTL-to-ECL  mode.  In  either  mode,  outputs  may 
be  latched.  The  latch  enable  pin  (LE)  implements  this  function.  Finally,  a  chip  select  pin  (OE) 
enables  the  I/O  pins.  When  not  enabled,  the  ECL  pins  are  cut-off  and  the  TTL  pins  are  tri-stated. 

10.  F10422 

The  F 10422  is  a  256  x  4  ECL  SRAM  made  by  National  Semiconductor.  This  is  one  of 
four  ICs  to  serve  as  experiment  chips  on  the  daughterboard.  This  chip  has  eight  address  inputs 
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(A7..0),  four  data  inputs  (D3..0),  and  four  data  outputs  (03. .0).  Output  from  individual  data  pins 
may  be  individually  selected  via  four-bit  select  (BS3..0).  A  write  enable  (WE*)  determines  if  data 
inputs  or  outputs  are  active. 

11.  VS12G422T 

The  VS12G422T  is  a  256  x  4  GaAs  SRAM  made  by  Vitesse.  This  is  another  of  the  four 
components  to  be  tested  for  the  daughterboard  experiment.  This  chip  has  eight  address  inputs 
(A7..0),  four  data  inputs  (D3..0),  and  four  data  outputs  (03. .0).  A  write  enable  (WE*)  and  an 
output  enable  (OE*)  determines  if  the  data  inputs  or  data  outputs  pins  are  active.  Chip  select  is 
accomplished  via  two  pins  (CSl*,  CS2). 

12.  IDT6168 

The  IDT6168  is  a  4k  x  4  CMOS  SRAM  made  by  Integrated  Device  Technology,  Inc. 
This  chip  is  another  IC  to  be  tested  for  the  daughterboard  experiment.  The  chip  has  twelve  address 
inputs  (A1 1..0)  and  four  data  pins  (1/03. .0).  Output  is  entirely  controlled  by  the  logic  level  on  the 
write  enable  pin  (WE*).  Chip  select  is  accomplished  via  a  single  pin  (CS*). 

13.  Experimental  GaAs  IC 

This  chip  is  an  experimental  gallium-arsenide  IC  being  designed  at  the  Naval  Postgraduate 
School.  The  IC  is  a  semi-autonomous  test  package.  The  chip  writes  test  patterns  to  its  own  flip- 
flops,  and  detects  and  counts  SEUs.  Input  is  needed  from  an  outside  controller  to  select  one  of 
eight  clock  speeds,  begin  execution,  and  read  output  results.  Three  clock  select  pins  (SEL2..0) 
determine  clock  speed.  A  one-to-zero  transition  on  the  reset  pin  (RESET)  zeros  the  two  SEU 
counters  and  begins  execution.  A  one-to-zero  transition  on  two  output  control  pins  (READ_SR, 
READ_LFSR)  latches  the  current  SEU  count  in  the  respective  counters  into  two  8-bit  output 
registers  (SR7..0,  LFSR7..0).  The  chip  also  produces  two  counter  overflow  signals 
(SR  OVERFLOW,  LFSR_OVERFLOW)  and  one  signal  indicating  operation  has  terminated 
(SEU_ON_RESET). 

14.  ELCO  10-8477-096-002-904 

This  connector  is  specified  in  the  MPTB  Interface  Control  Document  as  the  connector  for 
daughterboards. 


18 


15.  Capacitors 

a.  Phillips  Surface  Mount 

These  capacitors  are  connected  on  all  components  between  power  and  ground  to 
filter  off  any  AC  current  noise  present  from  the  switching  of  the  component  logic. 

b.  Panasonic  NHE 

This  capacitor  is  used  to  filter  any  noise  from  the  -2V  power  supply  to  the 
Experimental  GaAs  IC. 

16.  Resistors 

0.  Phillips  Surface  Mount 

These  surface  mount  resistors  are  used  as  pull-up  resistors  for  various  component 
which  need  pins  tied  to  logical  one. 

b.  Ohmite  Vitreous  Enamel  Conformal 

These  resistors  are  utilized  in  lieu  of  the  surface  mount  resistors  when  the  amount 
of  power  dissipated  is  expected  to  be  more  than  the  surface  mount  resistors  are  designed  to  handle. 

17.  Crystal  Oscillator 

This  is  a  quartz  crystal  made  by  Raltron.  It  provides  an  oscillator  input  to  the  Harris  clock 
generator.  A  36  MHz  crystal  is  planned  for  the  daughterboard.  This  is  achieved  by  using  the  3'“^ 
overtone  of  a  12  MHz  fundamental  frequency. 

18.  Zener  Diode 

This  part  is  made  by  the  Motorola  Corporation.  This  element  is  used  to  regulate  a  -2  volt 
power  supply  for  the  experimental  GaAs  chip.  Zener  diodes  maintain  a  specific  voltage  drop  for 
varying  currents.  Thus,  as  the  amount  of  current  drawn  by  the  GaAs  IC  varies,  the  diode  will 
compensate  for  this  and  continue  to  supply  -2  V. 

C.  COMPONENT  ELECTRICAL  REQUIREMENTS 

The  majority  of  the  logic  components  of  this  design  use  +5V  and  Ground  as  a  logical  one 
and  zero,  respectively.  Those  parts  that  do  not  use  these  voltages  have  logic  converters  to  translate 
their  respective  logic  levels.  However,  components  which  use  the  same  voltage  levels  cannot  be 
automatically  connected  together  and  expected  to  function  correctly.  For  component  pins  whieh 
drive  signals  to  multiple  ICs,  such  as  data  and  address  lines,  a  critical  issue  is  whether  those  pins 
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can  source  or  sink  enough  current.  A  manufactures  datasheet  usually  provides  two  parameters,  Iqh 
and  loL,  to  determine  how  much  current  output  pins  can  handle.  Iqh  is  defined  as  the  maximum 
current  that  the  output  can  source  when  driving  a  logical  one  and  still  maintain  the  required 
minimum  voltage  level  for  a  logical  one,  Voh-  Iol  is  defined  as  the  maximum  current  that  the 
output  can  sink  when  driving  a  logical  zero  signal  and  still  maintain  an  output  voltage  no  greater 
than  the  maximum  voltage  for  a  logical  zero,  Vol-  The  amount  of  current  required  for  an  output  to 
source  or  sink  is  determined  by  Equation  4.1. 

^SOURCE  ~  ^  ^ iH  ^  ^ LEAK  Equation  4.1 

IiH  is  the  amount  of  current  an  input  draws  when  driven  high.  Ileak  or  “leakage”  current  is  the 
amount  of  current  a  connected  but  not  enabled  input  pin  draws.  The  amount  of  current  for  an 
output  pin  to  sink  when  driving  a  signal  low  is  defined  by  Equation  4.2. 

^sisK  ~  ^  ^iL  ^  ^ LEAK  Equation  4.2 

In,  is  the  amount  of  current  drawn  from  an  input  pin  when  being  driven  low.  Ileak  in  this  case  is 
the  amount  of  current  a  connected  but  not  enabled  input  pin  sources. 

A  summary  of  input  and  output  currents  for  the  components  to  be  used  in  the  design  are 
tabulated  in  Table  2; 


Component 

loH(niA) 

loL(mA) 

Im(pA) 

IlL  (\iA) 

Ileak  (pA) 

‘8051  Port  0 

7.0 

7.0 

10 

50 

10 

‘8051  Port  1,2,3 

0.06 

3.5 

10 

10 

10 

UT22VP10 

12.0 

12.0 

10 

10 

10 

HS-6664RH 

2.0 

4.8 

1 

1 

10 

HS-65647RH 

5.0 

8.0 

1 

1 

60 

HS-82C85RH 

2.5 

5.0 

1 

1 

5 

HCS138MS 

6.0 

6.0 

5 

5 

5 

HCS573MS 

6.0 

6.0 

5 

5 

5 

HCTS541MS 

6.0 

6.0 

5 

5 

5 

VS12G422T 

5.2 

8.0 

100 

100 

1000 

IDT6168 

8.0 

4.0 

10 

10 

10 

F10422 

n/a 

n/a 

220 

50 

n/a 

100328  (TTL) 

1.0 

24.0 

70 

1000 

70 

100328  (ECL) 

n/a 

n/a 

500 

0.5 

n/a 

Table  2;  Summary  Of  Component  Pin  Currents 
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An  output  pin  usually  cannot  source  enough  power  only  when  it  is  hooked  up  to  multiple 
inputs.  The  only  component  on  the  design  where  this  condition  is  present  is  the  microcontroller. 
Port  0  of  the  ‘805 1  is  hooked  up  to  the  most  components.  However,  referencing  Table  2,  these 
pins  can  source  7.0  mA  current.  With  typical  input  loads  of  a  few  micro-amperes,  no  problem 
exists  here.  However,  Ports  1,  2  and  3  can  only  source  60  pA  to  hold  attached  signals  high.  This 
is  a  problem  for  only  the  write  strobe  on  Port  3.  This  signal  is  routed  to  two  HS-65647  RAMs, 
the  IDT6168,  the  VS12G422T,  and  one  of  the  100328s.  Referencing  Table  2,  the  input  leakage 
currents  to  all  the  aforementioned  chips  totals  182  pA.  Thus,  the  write  strobe  does  not  source 
enough  current  to  maintain  a  logical  one.  Without  correction,  WR*  is  virtually  tied  low. 

The  solution  is  to  tie  this  line  high  via  a  pull-up  resistor.  However,  the  resistor  must  be 
chosen  such  that  it  sources  enough  current  to  keep  the  line  high  when  not  active.  It  also  must  pull 
the  line  low  when  WR*  is  active.  Equation  4.3  [Ref.  5,  p.693]  is  used  to  calculate  the  maximum 
resistor  value. 


R 


V  -V 

DP  OH 


MAX 


^  ^leak 


Equation  4.3 


Using  values  from  Table  2,  Vdd  =  5V,  and  Vqh  =  3.2V  (a  conservative  value), 

5-3.2 


R 


MAX 


(100  +  l-l-H-10  +  70) 


10,000  Q 


To  calculate  the  minimum  resistor  value.  Equation  4.4  is  utilized. 


R 


MIN 


ypp-VoL 

^OL  ~ 


Equation  4.4 


Using  values  from  Table  2,  Vdd  =  5  and  Vql  =  0.4V, 

_ 5-0.4 _ 

Rmin  -  3  5  _  (1000+100+10+1  +  1) 

Therefore,  any  value  between  2-10  kW  will  allow  the  strobe  to  work  correctly.  Calculating  the 
median  voltage,  the  WR*  signal  is  tied  high  via  a  6  kC!  resistor. 
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D.  TIMING  ANALYSIS 

Whenever  memories  and  a  microprocessor  are  tied  together,  the  RAM  speed  must  checked. 
One  must  analyze  the  timing  diagrams  of  the  components  to  ensure  minimum  and  maximum  setup, 
hold,  and  valid  times  are  not  compromised.  Figure  4  below  depicts  the  ‘8051  read  cycle.  The 
daughterboard  will  be  using  a  12  MHz  clock.  Therefore,  each  clock  period,  Tclk,  is  83 
nanoseconds.  Using  this  time  to  reference  the  UT69RH05 1  datasheet,  two  representative  times  are 
calculated  for  the  microcontrollers  memory  access  time  parameters.  The  first,  Illdv  ,  is  the  time 


from  when  ALE  goes  low  to  the  time  valid  data  is  present  on  the  data  bus.  With  an  83  ns  period, 
tLLDv  =  514  ns.  When  ALE  goes  low  on  the  daughterboard,  the  HCS138MS  decoder  chip  is 
enabled.  The  maximum  propagation  time  from  enable  to  output  for  the  decoder  is  34  ns.  This 
time  must  be  subtracted  from  Illdv  ■  The  result,  480  ns,  is  the  maximum  time  a  memory  chip  has 
from  enable  to  data-valid. 

Another  critical  access  time  is  tRLov-  This  is  the  time  from  the  read  strobe  goes  active  to 
the  time  valid  data  is  present  on  the  bus.  This  time  at  12  MHz  is  250  ns.  The  read  strobe  passes 
through  the  UT22VP10  PAL.  This  incurs  a  propagation  delay  of  25  ns.  Thus,  the  access  time  is 
225  ns.  Table  3  below  compares  these  times  with  the  corresponding  access  times  for  all  memories. 
As  one  can  see,  even  the  slowest  SRAM  can  meet  these  maximum  time  by  a  wide  margin. 
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Component 

tLLDV 

tRLDV 

UT69RH051 

480 

225 

HS-6664RH 

60 

20 

HS-65647RH 

50 

15 

F10422 

10 

n/a 

VS12G422T 

4 

4 

IDT6168 

70 

n/a 

Table  3:  Summary  of  Memory  Access  Time 


The  overall  conclusion  to  be  drawn  from  this  is  that  all  memories  utilized  in  the 
daughterboard  are  significantly  faster  then  they  need  be.  However,  one  must  bear  in  mind  that  the 
daughterboard  is  designed  for  testing  radiation  hardness,  not  speed. 
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V.  DAUGHTERBOARD  OPERATION 


A.  MICROCONTROLLER  CORE  SECTION 

The  microcontroller  is  the  core  of  the  entire  daughterboard.  This  section  consists  of  one 
UT69RH051  microcontroller,  one  HCS573MS  latch,  one  HCS138MS  decoder,  two  HS-6664RH 
PROMs,  and  two  HS-65647RH  SRAMs,  Figure  5  on  the  next  page  depicts  this  section  of  the 
daughterboard. 

1.  Latch  Connection 

The  first  component  connected  is  the  HCS573MS  (‘573).  The  inputs  of  this  device  are 
connected  to  Port  0  of  the  microcontroller,  LE*  is  connected  to  ALE*.  When  ALE*  goes  low,  the 
lower  byte  the  microcontrollers  address  is  latched.  Therefore,  from  this  point  forward,  reference  to 
the  address  bus  shall  include  the  upper  byte  coming  from  the  microcontroller  and  the  lower  byte 
coming  from  the  latch.  Reference  to  the  data  bus  shall  pertain  to  the  Port  0  pins  of  the 
microcontroller. 

2.  Decoder  Connection 

The  next  component  to  connect  to  the  microcontroller  is  the  HCS138MS  (‘138). 
Connecting  address  pins  A15..12  to  the  A2..0  input  pins  of  the  ‘138,  the  65k  address  space  of  the 
‘8051  is  divided  into  eight  8k  segments.  The  outputs  of  the  decoder,  Y7..0,  are  used  as  enable 
signals  for  each  segment.  ALE*  fi'om  the  ‘8051  is  wired  to  ‘138  enable  El*  to  synchronize  the 
address  decoding  with  the  latch  of  the  lower  address  byte  of  the  ‘8051.  Not  doing  this  will  cause 
components  with  latched  address  inputs  to  incorrectly  decode  the  lower  address  byte.  The  other 
two  enable  inputs  for  the  ‘  138,  E2*  and  E3,  are  tied  low  and  high,  respectively. 

3.  Combining  PSEN*  and  RD* 

The  ‘8051  actually  has  the  ability  to  address  two  separate  65k  blocks  of  memory.  Two 
read  strobes.  Program  Store  Enable  (PSEN*)  and  External  Data  Read  (RD*),  exist  on  the 
microcontroller.  The  MCS5 1  assembly  language  has  separate  move  instructions  to  choose  between 
the  two  address  spaces.  In  order  to  simplify  programming,  a  common  practice  is  to  combine 
address  spaces  by  wiring  the  two  read  strobes  into  an  AND  gate.  Both  strobes  are  active-low. 
Thus,  when  either  is  active,  an  active-low  signal  will  appear  at  the  output  of  the  AND  gate.  From 
this  point  forward,  this  output  will  be  referred  to  as  “the”  read  strobe  or  “RD*”  signal. 
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Figure  5:  Microcontroller  Core  Section 
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4.  SRAM  Connection 

It  was  decided  that  the  amount  of  SRAM  needed  for  the  daughterboard  was  1 6k.  This  was 
a  compromise  between  using  8k,  which  had  the  possibility  of  being  too  small,  and  32k,  which  took 
up  half  the  address  space  of  the  ‘8051.  Therefore,  two  HS-65647RH  (‘65647)  are  used.  Wiring 
to  the  ‘65647s  is  straight-forward.  Address  pins  A12..0  are  connected  to  the  address  bus,  data 
pins  DQ7..0  are  connected  to  the  data  bus.  The  board  read  and  write  strobes  are  wired  to  the 
output  enable  pin  (G*)  and  the  write  enable  pin  (W*).  Recalling  the  MPTB  ICD  specifies  a  shared 
memory  space  of  2  kilobytes,  this  necessitates  that  at  least  one  of  the  ‘65647  chips  must  have  the 
first  8k  of  address  space.  Therefore,  the  YO*  signal  from  the  ‘138  decoder  is  connected  to  the 
chip-select  pin,  El*,  of  the  first  ‘65647  (designated  RAMI  on  Figure  5).  Yl*  of  the  decoder  is 
connected  to  El*  of  the  other  ‘65647  (RAM2  on  Figure  5).  Together,  the  two  SRAMs  occupy  a 
continuous  memory  space  form  16k  to  0.  The  final  connections  are  to  tie  E2  on  both  SRAMs  high 
since  only  one  chip-seleet  is  necessary. 

5.  PROM  Connection 

It  was  decided  that  the  amount  of  SRAM  needed  for  the  daughterboard  was  6k.  Two  HS- 
6664RH  (‘6664)  are  used  to  implement  this.  Wiring  to  the  ‘6664s  is  straight-forward.  Address 
pins  A12..0  are  connected  to  the  address  bus  and  data  pins  DQ7..0  are  connected  to  the  data  bus. 
The  board  read  strobe  is  wired  to  the  output  enable  pin  (G*).  The  Y3*  signal  from  the  ‘138 
decoder  is  connected  to  the  chip-select  pin,  E*,  of  the  first  ‘6664  (designated  ROMl  on  Figure  5). 
Y4*  of  the  decoder  is  connected  to  E2*  of  the  other  ‘6664  (ROM2  on  Figure  5).  Together,  both 
ROM  chips  occupy  a  continuous  memory  space  from  16-3  2k. 

6.  Clock  Input 

The  CLOCK50  pin  of  the  HS-82C85RH  (‘82C85)  provides  the  ‘8051  with  a  12MHz 
clock  signal.  This  is  connected  to  XTALl  of  the  ‘8051,  as  depicted  on  Figure  6.  The  frequency 
source  of  the  ‘82C85  is  derived  from  a  36  MHz  crystal  oscillator  connected  to  the  XI  and  X2  pins 
of  the  clock  generator.  Several  pins  on  the  ‘82C85  are  tied  either  high  or  low  to  set  the  desired 
operation  of  the  chip.  The  F/C  pin  is  tied  low  to  select  crystal  oscillator  input.  The  FST/SLO  pin 
is  tied  high  so  that  the  output  on  the  OSC  and  CLOCK50  pins  are  36  MHz  and  12  MHz, 
respectively  (selecting  low  has  a  divide  by  768  effect).  Finally,  S2*,  SI,  and  SO  are  tied  high,  low 
and  low  respectively  to  disable  the  stop-clock  function.  Connection  to  the  crystal  is  done  via  two 
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Figure  6:  Daughterboard  Clock  Signal  Source 


47  pF  capacitors  in  order  to  provide  the  most  stable  operation  of  the  OSC  output  (which  provides 
the  clock  to  the  experimental  GaAs  IC).  This  is  accomplished  by  matching  the  load  capacitance  of 
the  crystal  to  the  combined  capacitance  of  the  capacitors.  This  relationship  is  defined  in  Equation 
5.1  below. 


C.  X  C,  „  .  ,  , 

C  ,  =  — - -  Equation  5.1 

co^slal  C,  +Q 

The  load  capacitance  of  the  crystal  is  24  pF.  Therefore,  Cl  =C2  =  48  pF.  The  closest 
capacitors  available  is  47  pF  (+/-  5  %). 

7.  Miscellaneous  Microcontroller  Connections. 

The  ‘8051  has  256  words  of  internal  memory.  This  unnecessarily  complicates  the  memory 
address  space  and  is  not  recommended  to  use.  This  memory  is  of  little  use  because  of  its  small  size 
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and  complicates  microcontroller  programming.  Wiring  EA*  on  the  microcontroller  to  ground 
disables  this  memory. 


B.  SATELLITE  INTERFACE  SECTION 

As  previously  stated,  communication  between  the  daughterboard  and  the  EPC  via  a  96-pin 
connector.  The  communication  signals  between  the  two  components  was  discussed  in  Chapter  III. 
Actual  connection  is  depicted  in  Figure  7.  This  interface  has  three  basic  operations.  First,  the  EPC 
requests  attention  from  the  daughterboard  via  an  interrupt.  Second,  the  daughterboard  may 
interrupt  the  EPC.  Third,  the  daughterboard  transfers  information  to  the  EPC. 


29 


1.  Interrupt  From  EPC  To  Daughterboard 

The  BD_SEL*  signal  from  EPC  is  connected  to  the  INTO*  pin  of  the  ‘8051 
microcontroller.  When  the  EPC  drives  the  BD_SEL*  signal  low,  it  activates  Interrupt  0  on  the 
daughterboard  microcontroller.  As  previously  stated,  the  daughterboard  has  657  nanoseconds 
before  the  EPC  microcontroller  begins  to  access  the  shared  memory  in  the  Harris  SRAM.  When 
the  EPC  has  finished  its  memory  access,  it  negates  the  BD_DEL*  signal,  allowing  the 
daughterboard  microcontroller  to  resume  processing. 

2.  Interrupt  From  Daughterboard  To  EPC 

The  daughterboard  ‘805 1  may  send  an  interrupt  to  the  EPC.  The  daughterboard  must  then 
wait  for  a  response  from  the  EPC.  When  the  EPC  responds,  it  will  initiate  a  read  from  shared 
memory.  Implementation  of  this  handshaking  protocol  is  implement  by  connecting  the  INT*  and 
INT_RESET*  from  the  EPC  via  the  connector,  to  ‘8051  Port  1  pins  7  (PI. 7)  and  6  (PI. 6), 
respectively.  This  implements  a  handshaking  protocol  between  daughterboard  and  panel  controller. 

Any  ‘8051  Port  pin  may  be  programmed,  provided  the  pin  is  not  being  used  to  fulfill 
another  task.  Ports  0,  2,  and  3  of  the  microcontroller  are  used  for  the  address  bus,  data  bus, 
read/write  strobes,  and  interrupts.  Until  this  point,  the  Port  1  pins  are  unused.  Thus,  a  subroutine 
may  be  written  to  drive  PI  .7  low  to  send  an  interrupt  to  the  EPC.  The  subroutine  can  then  instruct 
the  daughterboard  ‘805 1  to  poll  PI  .6  for  a  response.  When  the  EPC  drives  INT_RESET*  low,  the 
daughterboard  would  have  the  attention  of  the  EPC,  allowing  data  transfer  to  take  place.  Using 
the  Port  pins  in  this  fashion  works  well  in  this  case  because  the  microcontroller  initiates  contact 
and  knows  it  only  has  to  poll  for  a  response  for  a  limited  time.  If  contact  was  not  initiated  from  the 
daughterboard,  the  microcontroller  would  be  forced  to  continuously  poll  a  Port  pin(s).  This  would 
be  taxing  on  the  microcontrollers  resources. 

3.  EPC  Accessing  Shared  Memory 

The  EPC  has  access  to  the  daughterboards  lower  2  kilobytes  of  address  space  and  the 
boards  data  bus.  The  read  and  write  strobes  from  the  connector  are  connected  to  the  read/wnte 
signal  lines  of  the  daughterboard.  Once  communication  is  established  between  daughterboard  and 
EPC,  R/W  cycles  proceed  uneventfully. 
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C.  MEMORY  TEST  SECTION 

This  section  contains  the  three  memory  chips  of  different  logic  families.  ECL-TTL  level 
converters  are  required  for  the  ECL  SRAM.  Additional  logic  gates  are  required  for  address 
decoding.  Figure  8  depicts  the  logical  layout. 

1.  CMOS  SRAM 

Connection  of  the  IDT6168  (‘6168)  is  straight-forward.  Its  address  pins  (A11..0)  are 
tapped  into  the  lower  12  bits  of  the  daughterboard  address  bus.  The  data  pins  (1/03.. 0)  are  tapped 
into  the  lower  four  bits  of  the  data  bus.  R/W  cycles  are  controlled  exclusively  by  the  write-enable 
pin,  WE*.  If  the  chip  is  selected  and  WE*  is  not  asserted,  a  read  operation  is  completed.  The  chip- 
select  pin  CS*  is  connected  to  the  Y4*  output  of  the  ‘138  decoder.  This  allocates  the  ‘6168 


Figure  8:  Test  Memory  ICs 
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address  space  32k  to  40k.  However,  the  chip  only  utilizes  the  lower  half  of  its  allocated  8k  address 
memory  space.  The  upper  4k  of  the  memory  space  is  unused.  This  inefficient  use  of  address 
space  was  chosen  to  minimize  the  number  of  gates  required  for  address  decoding. 

2.  GaAsSRAM 

Connection  of  the  VS12G422T  (‘422T)  requires  its  address  pins  (A7..0)  to  be  connected 
to  the  lower  byte  of  the  daughterboard  address  bus.  The  separate  data  input  and  data  output  pins 
are  connected  to  their  respective  data  bus  lines.  The  microcontroller  read  and  write  strobes  are 
connected  to  OE*  and  WE*,  respectively.  The  ‘422T  is  allocated  memory  address  space  from  40k 
to  44k.  Decoding  of  this  address  space  is  accomplished  by  routing  theYS*  output  of  the  ‘138 
decoder  and  the  A12  address  line  into  a  l-to-2  decoder.  The  l-to-2  decoder  is  implemented  in 
Figure  8  with  two  NAND  gates  and  two  inverters.  This  divides  the  8k  address  space  defined  by 
the  decoder  into  two  4k  blocks.  The  ‘422T  is  allocated  the  lower  half  by  connecting  the  CSl*  pin 
of  the  ‘422T  to  the  lower  NAND  gate  of  the  l-to-2  decoder.  The  ‘422T  only  uses  256  of  the  4,000 
locations  it  is  allocated. 

3.  ECLRAM 

Connection  of  the  FI 0422  (‘422E)  is  considerably  more  involved.  ECL  technology  uses 
-5.2  volts  and  ground  for  logical  zero  and  one,  respectively.  Thus,  all  signals  to  and  from  the  ECL 
SRAM  must  pass  through  100328  ECL-TTL  logic  converters.  Three  100328s  are  required  to 
implement  translate  all  necessary  signals  to  and  from  the  ECL  chip.  The  first  converter  is  subtitled 
“ADDR”  in  Figure  8.  The  lower  byte  of  the  daughterboard  address  bus  is  routed  to  the  TTL  side. 
The  signals  come  out  the  ECL  side  and  into  the  address  pins  of  the  ‘422E.  The  100328s  are  bi¬ 
directional.  Since  address  information  only  propagate  from  the  TTL  side  to  the  ECL  side,  the  DIR 
pin  of  this  converter  is  tied  high  so  that  signals  only  travel  in  the  desired  direction. 

The  lower  four  data  bus  lines  of  the  daughterboard  are  connected  to  the  TTL  side  of  the 
100328,  labeled  “DATA”  in  Figure  8.  The  signals  route  from  the  TTL  side  to  the  ECL  side  into 
the  corresponding  data-in  pins  (D3..0)  and  data-out  pins  (03. .0).  Since  the  data  lines  need  to  be 
bi-directional,  the  DIR  pin  of  this  100328  is  connected  to  the  read  strobe  of  the  daughterboard.  On 
read  operations,  the  read  strobe  is  at  logic  level  zero,  allowing  information  on  the  100328  to  flow 
from  the  ECL  to  the  TTL  side.  During  memory  write  operations,  the  read  strobe  is  at  logic  level 
one,  which  sets  the  converter  to  allow  data  to  travel  from  the  TTL  side  to  the  ECL  side. 
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The  third  100328,  subtitled  “RDAVR”  on  Figure  8,  is  utilized  to  pass  the  daughterboard 
read  and  write  strobes  to  the  ‘422E.  These  signals  could  not  be  sent  through  the  “DATA”  100328 
because  when  the  direction  of  the  converter  is  set  in  the  ECL  to  TTL  direction,  the  read  and  write 
strobes  would  be  cut  off.  Therefore,  the  separate  IC  was  required.  The  read  strobe  outputs  the 
ECL  side  of  the  100328  and  connects  to  the  four  select  lines,  BS3..0  of  the  F10422.  There  is  no 
need  to  individually  access  the  data  output  lines,  so  all  four  are  shorted  together.  The  write  strobe 
proceeds  from  the  logic  converter  and  connects  to  the  write  enable  pin,  WE*.  The  signal  direction 
on  this  100328  is  exclusively  from  the  TTL  side  to  the  ECL  side,  so  the  DIR  pin  is  tied  high. 

Finally,  the  ECL  SRAM  is  allocated  address  locations  44k  to  48k.  Address  decoding  is 
accomplished  using  the  other  output  of  the  l-to-2  decoder  described  in  the  GaAs  SRAM  section. 
This  enable  line  is  not  connected  to  the  ‘422E,  but  tied  to  the  OE  pins  on  all  three  100328s.  When 
the  address  decoders  select  the  ECL  SRAM,  they  enable  the  logic  converters  to  allow  transactions 
to  the  ECL  chip  to  occur.  When  not  selected,  the  TTL  side  of  the  three  100328s  are  in  the  high 
impedance  state,  effectively  isolating  the  ‘422T. 

D.  EXPERIMENTAL  GALLIUM-ARSENIDE  IC 

The  operation  of  this  chip  has  been  described  previously.  However,  considerable  logic  is 
required  to  implement  its  operation.  Figure  9  logically  depicts  this  part  of  the  daughterboard. 
Operation  of  the  circuit  is  describe  in  the  following  subsections. 

1.  Address  Decoding 

The  Experimental  GaAs  chip  (‘XGaAs)  is  allocated  address  space  48k  to  56k.  This 
address  space  is  used  to  provide  four  enable  lines  for  three  HCST541MS  (‘541)  tri-state  buffers 
and  one  HCS573MS  (‘573)  latch.  Address  lines  A12  and  All  input  to  a  two-to-four  decoder 
which  is  created  from  four  AND  gates  and  two  inverters.  These  outputs  are  each  input  into  a 
NAND  gate  with  the  Y6*  output  of  the  ‘  138  decoder.  The  ‘138  output  acts  a  master  enable  signal. 
The  net  effect  is  that  four  active-low  enable  signals  are  created,  INPUT_EN*,  SEU_EN*, 
LFSR_EN*,  and  SR_EN*.  Utilization  of  these  signals  is  described  shortly. 
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2.  Control  Inputs 

The  ‘XGaAs  has  seven  inputs  to  control  chip  operation.  To  manipulate  these  control  lines, 
the  outputs  of  a  ‘573  latch  is  utilized.  The  inputs  to  the  latch  are  connected  to  address  lines  A6..0. 
The  INPUT_EN*  is  connected  to  the  chip-select  pin,  OE*  of  the  ‘573.  The  ‘8051  ALE*  signal  is 
attached  to  the  LE*.  Recall  that  when  ALE*  goes  low,  the  inputs  are  latched  on  the  output  side  of 
the  ‘573.  Therefore,  when  the  latch  is  selected  via  address  decoding  of  address  lines  A15..11, 
variations  of  A6..0  may  be  used  to  provide  up  to  H  separate  input  signals  to  the  ‘XGaAs. 

3.  Reading  Counter  Outputs 

Recall  the  ‘XGaAs  has  two  counter  outputs,  LFSR7..0  and  SR7..0.  These  outputs  are  not 
tri-stated.  In  order  to  connect  them  to  the  daughterboard  data  bus  for  reading,  the  ‘541  tri-state 
buffers  must  be  utilized  to  isolate  these  signals  when  not  selected  for  reading.  The  inputs  of  two  of 
the  buffers  are  connected  to  the  two  counter  outputs.  The  LFSR  EN*  enable  signal  is  connected 
to  the  output  select  pins,  OE1..0,  of  the  ‘541  which  is  connected  to  the  inputs  LFSR7..0.  The 
SR_EN*  signal  is  connected  the  tri-state  buffer  that  is  connected  SR7..0.  Thus,  the  proper  address 
decoding  to  activate  either  of  the  enable  inputs  will  select  the  corresponding  counter  to  be  read. 

4.  Responding  To  Interrupts 

Recall  that  the  ‘XGaAs  has  three  active-high  interrupt  signals.  Unfortunately,  the  ‘805 1 
only  has  one  remaining  external  interrupt.  In  order  to  accommodate  this  problem,  the  three 
interrupt  signals  form  the  ‘XGaAs  are  routed  to  the  inputs  of  a  three  input  NOR  gate.  The  output 
of  this  gate  is  connected  to  the  remaining  external  interrupt  pin  on  the  microcontroller,  INTI*. 
Each  of  the  three  signals  are  also  routed  on  the  low  three  bits  of  the  data  bus  via  another  ‘54 1 
buffer.  The  SEU_EN*  signal  is  connected  to  the  OE1..0*  pins  of  the  tri-state  buffer.  Therefore,  if 
one  or  more  of  the  three  interrupt  signals  goes  active,  this  will  produce  a  logic  zero  on  the  NOR 
gate,  subsequently  sending  an  interrupt  to  the  microcontroller.  An  interrupt  handling  subroutine 
may  be  written  to  perform  a  read  to  the  ‘541  buffer  if  an  interrupt  is  detected.  The  read  bits  could 
then  be  tested  to  determine  which  of  the  three  interrupt  conditions  was  activated.  The  interrupt 
handling  subroutine  could  then  take  appropriate  action. 

5.  Power  Supply 

The  ‘XGaAs  presents  a  unique  problem  in  that  it  requires  a  negative  two  volt  power 
supply.  This  is  the  only  instance  on  the  entire  daughterboard  where  the  required  power  supply  is 
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not  provided  by  the  EPC.  The  two  resistors,  one  capacitor,  and  one  zener  diode  depicted  in  Figure 
9  forms  a  voltage  regulator  circuit  that  produces  the  required  -2  volts.  The  circuit  uses  the  -5.2 
available  voltage  supply.  A  5  ld2  resistor  and  a  2  V  zener  diode  are  connected  in  series  to  ground. 
The  diode  serves  to  stabilize  the  voltage  if  fluctuations  in  the  current  drawn  occur.  The  voltage 
between  the  resistor  and  the  diode  is  at  the  required  -2  V.  A  lOOOpF  capacitor  is  connected  in 
parallel  to  ground  to  filter  off  any  AC  noise.  Finally,  a  2  ld2  resistor  is  added  to  complete  the 
circuit.  The  four  pins  depicted  on  the  bottom  of  the  ‘XGaAs  chip  in  Figure  9  are  four  pins  that 
require  the  -2  V  power  supply.  Thus,  at  the  point  shown  in  the  diagram,  a  stable  -2  V  source  is 
available  for  the  ‘XGaAs  IC. 

E.  PROGRAMMABLE  ARRAY  LOGIC 

The  previous  sections  each  had  basic  logic  gates  decoding  address  space,  inverting 
signals,  etc.  These  gates  were  shown  in  each  section  in  order  to  make  each  section  more 
understandable.  The  finished  daughterboard  design  actually  implements  all  of  these  gates  in  a 
single  Ur22VP10  PAL.  Figure  10  on  the  next  page  shows  the  PAL  with  its  input  and  outputs 
labeled  with  the  assigned  signals.  The  various  logic  gate  structures  utilized  in  the  design  are  shown 
for  reference. 

F.  COMPLETE  DAUGHTERBOARD  DESIGN 

The  complete  logical  design  for  the  MPTB  motherboard  is  a  compilation  of  all  the 
previous  sections.  Figure  1 1  on  page  37  shows  the  entire  design.  Each  of  the  previous  sections 
previously  discussed  is  incorporated.  Within  each  design  subsection,  placement  of  components 
relative  to  one  another  is  the  same  as  in  Figure  11.  However,  note  that  all  logic  gates  have  been 
remove  and  the  PAL  displayed  in  their  place. 
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Figure  10:  Summary  Of  PAL  Logic 
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Figure  11:  Complete  Daughterboard  Design 
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;te  Daughterboard  Design 
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VI.  CADENCE  BOARD  DESIGN  TOOLS 


A.  OVERVIEW 

The  Cadence  Board  Design  Tools  are  a  subset  of  CAD  tools  of  the  greater  Cadence  CAD 
tool  set.  Design  begins  concurrently  in  Rapid  Part  and  Concept.  Rapid  Part  is  a  component 
library  development  tool,  Concept  is  a  schematic  capture  tool.  Once  complete,  the  information  is 
compiled  into  a  net-list  for  input  into  Allegro.  Allegro  is  a  CAD  tool  for  designing  a  printed  circuit 
board,  including  wiring  and  component  layout.  Output  from  Allegro  may  be  sent  to  a  printed 
circuit  board  company  for  board  fabrication 

The  following  sections  contain  a  summary  of  the  use  of  each  CAD  tool  to  give  an  idea  of  a 
beginning  to  end  board  design  in  Cadence.  Also  mentioned  are  some  tips  and  tricks  to  help  with 
the  programs. 

B.  RAPID  PART 

The  purpose  of  Rapid  Part  is  to  produce  a  symbol  that  reflects  the  correct  pinout  of  a 
component  one  intends  to  use.  If  a  component  comes  in  several  package  types.  Rapid  Part  can 
generate  multiple  versions  of  the  same  component,  ie  DIP,  flatpack,  quad-flatpack,  etc.  Another 
key  piece  of  information  inputted  is  the  JEDEC  type  of  each  package.  A  JEDEC  is  the  footprint  a 
particular  IC  package  makes  on  a  printed  circuit  boards.  It  contains  precise  information  on  pin¬ 
hole  spacing  and  pin-hole  size  for  the  actual  design  of  the  board.  Appendix  B  of  the  Allegro 
Library  Development  manual  contains  a  listing  of  standard  JEDECs  .  If  the  correct  footprint  is 
not  available  in  the  Allegro  library,  the  user  has  the  ability  to  make  their  own. 

C.  CONCEPT 

Once  a  library  of  parts  has  been  created  in  Rapid  Part,  or  at  least  enough  components  have 
been  created  to  get  started.  Concept  is  used  to  logically  wire  the  components  together.  Before 
using  the  program,  it  is  strongly  recommended  that  the  Concept  Stopwatch  Design  Tutorial  be 
completed  in  order  to  become  femiliar  with  Concept.  This  tutorial  is  an  efficient  method  to  learn 
the  program. 

When  initially  setting  up  the  program  in  GLOBAL  SETUP,  component  libraries  needed 
for  the  design  must  be  entered.  For  basic  logic  design,  the  following  libraries  need  to  be  included: 
LSTTL,  ELEMENT,  STANDARD,  and  any  local  libraries.  LSTTL  will  give  one  a  complete 
library  of  logic  gates  with  standard  symbol  shapes.  The  ELEMENT  library  contains  basic  discrete 
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components  such  as  resistors  and  capacitors.  If  a  pin  needs  to  be  tied  high  or  low,  the  ELEMENT 
library  contains  VCC  and  GND.  The  STANDARD  library  contains  the  full  set  of  MERGES  and 
TAPS.  Any  local  libraries  will  contain  parts  created  in  Rapid  Part. 

An  important  issue  not  covered  in  the  tutorial  is  the  management  of  busses.  It  is 
recommended  one  thoroughly  read  the  uses  of  TAPS  and  MERGES  in  the  Concept  Schematic  User 
Guide.  A  tap  is  used  to  split  off  a  subset  of  lines  from  a  larger  bus.  When  the  TAP  is  used, 
signals  split  off  bear  the  same  signal  name  and  properties.  For  instance,  if  one  has  an  eight-bit  bus 
called  DATA<7..0>,  using  the  command  TAP  6.. 3  will  tap  into  lines  6,  5,  4,  3.  A  wire  connected 
to  this  tap  will  automatically  inherit  the  signal  name  DATA<6..3>.  MERGES  can  also  be  used  to 
divide  buses.  However,  since  the  number  of  total  lines  coming  in  one  end  of  a  merge  must  equal 
the  number  lines  of  exiting,  one  of  the  outputs  from  the  merge  must  be  left  dangling  with  the 
appropriate  unused  signals  assigned  to  it. 

Concept  deals  with  the  connection  of  signal  pins.  A  problem  arises  as  power  and  ground 
pins  are  not  usually  shown.  On  a  circuit  board,  it  is  a  standard  practice  to  wire  a  capacitor 
between  the  power  and  ground  pins  to  filter  off  any  AC  noise  generated  from  switching  logic.  But 
with  no  power  and  ground  pins  on  the  logic  symbols,  accomplishing  this  is  confiising.  The  solution 
is  to  place  a  capacitor  next  to  the  logic  component  and  connect  the  ends  of  the  capacitor  to  VCC 
and  GND  symbols  in  the  ELEMENT  library  as  shown  in  Figure  12.  This  will  allow  connections 
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Figure  12:  Placing  Capacitors 
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between  the  capacitors  to  the  power  and  ground  pins  on  each  component  in  Allegro.  Not  taking 
this  step  will  cause  Allegro  to  mark  a  design  error. 

D.  VALID  COMPILER  AND  PACKAGER  XL 

Once  a  logical  design  is  complete,  one  needs  to  run  the  design  through  Valid  Compiler  and 
Valid  Packager  to  format  the  design  to  import  into  Allegro.  Valid  Compiler  produces  a  net-list. 
This  is  simply  a  file  that  lists  every  electrical  connection  between  all  components.  Packager  XL  is 
a  program  that  combines  gates  of  the  same  type  into  one  IC.  For  instance,  when  AND  gates  are 
placed  on  a  design,  they  are  placed  individually.  Most  AND  gate  components  usually  incorporate 
several  gates  in  one  IC  package.  Thus,  if  a  design  has  32  OR  gates,  twenty-five  inverters,  and  37 
AND  gates.  Packager  XL  will  group  the  gates  in  “real-world”  components  which  have  4,  6,  8,  ... 
components  per  IC. 

E.  ALLEGRO 

1.  Library  Development 

More  time  is  usually  spent  in  Cadence  creating  and  modifying  libraries  than  anything  else. 
Recall  that  in  Rapid  Part  a  JEDEC  type  or  physical  footprint  was  specified.  At  this  point  any 
JEDEC  types  not  in  the  Allegro  library  must  be  created.  JEDECs  are  defined  by  corresponding 
symbols  in  order  to  use  them  in  Allegro.  A  symbol  consists  of  two  elements,  padstacks,  and 
drawings.  For  printed  circuit  boards,  component  pins  are  mounted  in  holes  or  on  pads.  A  printed 
circuit  board  typically  consists  of  4  to  7  layers.  A  padstack  simply  defines  how  a  hole  or  pad 
interacts  with  each  individual  layer.  The  “drawing”  is  simply  a  physical  representation  of  the 
device.  The  drawing,  with  one  or  more  padstacks,  is  combined  to  form  a  symbol. 

2.  Prepare  Design 

The  first  part  of  preparing  a  design  for  a  printed  circuit  board  is  to  define  the  boards 
outline.  Once  this  is  drawn,  the  cross  section  of  the  board  is  defined.  For  example,  a  four  layer 
board  would  be  defined  such  that  wires  could  be  routed  on  the  top  and  bottom  layer.  The  middle 
two  layers  are  usually  thin  planes  of  copper  connected  to  Vcc  tmd  GND.  Once  this  is  complete, 
CONSTRAINTS  are  defined.  CONSTRAINTS  are  definitions  of  wire  width,  minimum  spacing 
between  components,  spacing  between  wires  and  spacing  between  wires  and  component  pins.  The 
last  steps  are  to  add  the  Component  and  Route  KEEPINS.  KEEPINS  are  boundaries  defined  for 
the  placement  of  components  and  wires.  When  components  are  mounted  on  a  board,  a  minimum 
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distance  from  the  board  edge  to  place  the  components  must  be  defined  The  same  must  be  defined 
for  wires.  KEEPINS  simply  define  these  boundaries  to  keep  components  and  wires  from  getting 
closer  to  the  edge  of  the  board  than  desired. 

3.  Placing  Components 

At  this  point,  the  design  has  the  board  defined.  Components  are  ready  to  be  placed. 
Placing  components  is  application  of  common  sense.  The  ultimate  goal  is  to  place  the  components 
to  minimize  the  amount  of  wiring  needed.  For  the  daughterboard  design,  the  following  placement 
decisions  were  completed. 

•  The  microcontroller  was  placed  next  to  the  designated  address  and  data  pins 
on  the  ELCO  connector. 

•  The  ‘573  latch  and  ‘  138  decoder  were  placed  next  to  the  microcontroller  since 
all  memory  transactions  utilize  these  components. 

•  The  two  Harris  SRAMs  and  PROMs  were  placed  together  due  to  similar 
pinouts  allowed  efficient  busses  to  be  wired. 

•  The  test  memories  and  the  ‘XGaAs  IC  were  placed  adjacent  to  one  another. 

•  The  100328  logic  converters  were  placed  next  to  the  ECL  SRAM. 

•  Capacitors,  resistors,  and  other  discrete  elements  were  placed  next  to  the  pins 
of  components  they  were  connected  to. 

•  The  ‘XGaAs  IC  was  placed  near  the  edge  of  the  board  to  aid  in  mounting. 

Figure  13  on  the  next  page  shows  the  final  placement  of  the  daughterboard  components. 

4.  Routing 

Routing  wires  is  the  most  dynamic  and  time  consuming  design  process.  The  Automatic 
Router  is  recommended  to  begin  routing  with.  The  highest  success  rate  occurs  when  the  autorouter 
is  started  before  a  single  wire  is  manually  placed.  The  autorouter  wires  in  a  Manhattan  style. 
For  instance,  if  the  printed  circuit  board  has  two  board  layers  to  make  connections  on,  the  router 
connects  all  the  horizontal  lines  on  one  layer  and  the  vertical  wires  on  the  other  layer.  Interactive 
routing  method  may  be  used  to  finish  the  routing,  and/or  clean  up  the  design.  Once  the  wires  are 
complete,  power  and  ground  planes  are  defined  in  the  internal  layers  of  the  board.  A  function 
called  auto-voiding  automatically  creates  holes  in  the  planes  for  pins  not  directly  connected  to 
either  plane.  Auto-voiding  will  also  connect  Vcc,  Vee,  and  GND  pins  of  each  component  to  the 
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appropriate  plane.  Figure  14  on  page  44  shows  the  routing  on  both  sides  of  the  circuit  board. 
Figures  15  and  16  on  pages  45  and  46  show  routing  on  the  top  and  bottom  layers,  respectively. 


Figure  13:  Daughterboard  Component  Placement 
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Figure  14:  Top  And  Bottom  Routing  On  Daughterboard 
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Figure  15:  Top  Layer  Routing 
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Figure  16:  Bottom  Layer  Routing 
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5.  Creating  Output 

At  this  point,  the  design  is  ready  to  create  the  NCDRILL  and  NCROUTE  files.  These  text 
files  contain  coordinates  for  all  holes  to  be  drilled  and  information  on  cutting  out  the  circuit  board 
shape.  A  copy  of  the  output  files  for  the  daughterboard  design  is  included  in  Appendix  B.  With 
this  information,  a  printed  circuit  board  fabricator  has  the  necessary  information  to  build  the  board 
to  design  specifications.  This  completes  the  daughterboard  design. 
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VIL  CONCLUSIONS 


A.  DESIGN  CONCLUSIONS 

The  daughterboard  design  will  provide  an  excellent  method  for  gauging  orbital  radiation 
effects.  The  radiation  hardened  components  will  provide  a  stable  mechanism  to  evaluate  the 
‘XGaAs  IC  and  three  different  logic  families  of  SRAM.  During  the  design  process,  the  Cadence 
Design  Software  proved  to  be  an  effective  tool  on  developing  the  circuit  board  design.  Cadence 
provides  useful  tools  for  all  aspects  of  the  design  process,  from  library  development  to  physical 
layout.  Because  of  the  flexibility  of  Cadence,  future  modifications  to  the  design  could  incorporate 
a  32  bit  microcontroller,  a  faster  bus  speed,  larger  memories,  and  follow-on  versions  of  the 
‘XGaAs  IC. 

B.  BOARD  FABRICATION 

Many  PCB  fabricators  should  be  able  to  utilize  the  Cadence  output  files  to  create  the  PCB. 
One  nearby  fabricator  who  has  worked  with  NPS  is  West  Coast  Circuits  in  Watsonville,  CA  (408) 
728-4271. 

C.  COMPONENT  COST 

Table  4  below  summarizes  the  cost  of  the  individual  components. 


Component 

Cost  ($) 

Distributor 

Phone 

UT69RH051 

2500 

UTMC 

(805)  445-6665 

UT22VP10 

1800 

UTMC 

(805)  445-6665 

HS-6664RH 

2000 

Ewing  Foley 

(408)  342-1220 

HS-65647RH 

1590 

Ewing  Foley 

(408)  342-1220 

HS-82C85RH 

1350 

Ewing  Foley 

(408)  342-1220 

HCS138MS 

209 

Ewing  Foley 

(408)  342-1220 

HCS573MS 

215 

Ewing  Foley 

(408)  342-1220 

HCTS541MS 

215 

Ewing  Foley 

(408)  342-1220 

VS12G422T 

n/a 

n/a 

n/a 

IDT6168 

15 

IDT 

(408)  943-9270 

F10422 

22 

Future  Electronics 

(408)  433-0822 

100328 

250 

Future  Electronics 

(408)  433-0822 

Table  4:  Component  Cost 
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D.  PROGRAMMING  &  TESTING 

Software  for  the  daughterboard  will  have  to  be  developed  from  the  MCS5 1  programming 
language.  Extensive  documentation  is  available  in  the  Intel  Microcontroller  Handbook.  Once  the 
software  is  written,  it  will  need  to  be  “burned”  into  the  HS-6664RH  PROMs.  A  possible 
consideration  to  troubleshoot  the  daughterboard  would  be  to  design  a  circuit  board  to  mimic  the 
daughterboard  panel  controller.  Access  to  the  daughterboard  is  available  via  the  ELCO 
connector.  The  female  opposite  of  the  connector  could  be  connected  to  the  HP  64000  analyzer 
units  to  simulate  the  EPC. 

When  the  UT22VP10  is  purchased,  the  IC  will  need  to  be  bumed-in.  Figure  1 1  depicts  a 
summary  of  the  logic.  Sum-of-products  equations  can  be  easily  generated  for  this  device.  For 
instance,  the  AND  function  combining  the  PSEN*  and  RD*  signals  of  the  ‘8051  microcontroller 
would  be  defined  as  follows: 

1/07  =  14*15  Equation  7. 1 

1/07  corresponds  to  output  pin  7  on  the  UT22VP10,  14  and  15  correspond  to  input  pins  4  and  5. 
By  connecting  14  and  15  to  PSEN*  and  RD*,  respectively,  the  output  of  1/07  will  be  the  desired 
product  of  the  two  input  signals. 

Radiation  hardened  components  are  expensive  and  generally  require  several  months  to 
order  from  the  manufacturer.  However,  for  the  purposes  of  testing  the  design,  it  would  be 
beneficial  to  construct  a  second  daughterboard  with  commercial  components,  that  is  non-radiation 
hardened  components.  These  components  are  widely  available,  are  logically  equivalent  and  have 
the  same  pin-out  as  their  radiation  hardened  counterparts,  and  cost  less  than  a  few  dollars  each. 
Building  a  second  board  would  also  provide  the  Experimental  GaAs  IC 

E.  SUMMARY 

The  daughterboard  design  is  a  remarkable  testament  to  demonstrating  the  skills  one  has 
acquired  in  graduate  education.  This  design  project  completes  several  months  of  component 
familiarization  and  evaluation,  CAD  tool  familiarization,  and  application  of  electrical  engineering 
theory.  At  this  point,  the  daughterboard  is  ready  to  be  fabricated  and  components  may  be  ordered. 
Possible  changes  to  the  Experimental  GaAs  IC,  which  is  still  in  the  design  phase,  may  necessitate 
minor  changes  to  the  daughterboard  design. 
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APPENDIX  A.  MPTB  INTERFACE  CONTROL  DOCUMENT 


The  following  pages  contain  the  MPTB  Interface  Control  Document,  Revision  D  Draft, 
Decembers,  1995. 
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MICROELECTRONICS 

AND 

PHOTONICS 
TEST  BED  (MPTB) 
EXPERIMENT  DAUGHTERBOARD 
INTERFACE  CONTROL 
DOCUMENT  (ICD) 
REVISION  D 
DRAFT 

DECEMBER  8,  1995 


1.0  SCOPE 


1.1  SCOPE 

This  Interface  Control  Document  (ICD)  defines  and  controls  the  design  at  the  interface 
between  daughterboard  and  motherboard  on  each  Experiment  Panel  of  the  Microelectronics 
and  Photonics  Test  Bed  (MPTB).  This  ICD  is  intended  to  ensure  compatibility  between 
daughterboard  and  motherboard  by  documenting  form,  fit,  and  functional  interface 
agreements  required  to  satisfy  design,  test,  and  integration. 

1.2  MPTB  MISSION  DEFINITION 

The  Microelectronics  and  Photonics  Test  Bed  (MPTB)  is  a  satellite  payload  that  will  be 
used  to  measure  the  effects  of  space  radiation  on  microelectronic  and  photonic  devices  and 
subsystems.  Functional  electronics  changes  caused  by  ionizing  particles  and  total-dose 
radiation  will  be  measured  in  a  controlled  experiment,  with  device  data  telemetered  to  the 
ground.  The  following  effects  witi  be  measured:  single  event  upsets,  single  event  latchup, 
bit  error  rate  effects,  timing  degradation,  threshold  voltage  shifts,  leakage  current  increases, 
and  functional  failure. 

1.3  INTERFACE  ITEM  DESCRIPTION 

1.3.1  MPTB  Experiment  Description.  MPTB  consists  of  a  redundant  Core  Electronics 
Unit  (CEU),  and  three  experiment  panels,  each  up  to  eight  daughterboard  slots.  A  block 
diagram  is  shown  in  Figure  1. 


Figure  1  -  MPTB  Block  Diagram 


132  Experiment  Panel  Description.  An  experiment  panel  consists  of  p80C51 
microcontroller,  analog  measurement  tools,  power  supplies,  and  up  to  eight 
daughterboards  as  shown  in  Figure  2. 

1.3.3  DanPhterhoards.  A  daughterboard  contains  an  individual  microel^tronics  of 

photonics  experiment  along  with  the  circuitry  necessary  to  interface  with  the  expenment 
panel  motherboard  interface. 


Figure  2  -  Experiment  Panel  Block  Diagram 


2.0  APPLICABLE  DOCUi^NTS 

The  following  documents  of  the  issue  specified  contribute  to  the  definition  of  tlw 
experiment  /space  interface  and  form  a  part  of  this  document  to  the  extent  specified  herem. 
Where  requirements  of  the  referenced  documents  differ  fiom  those  requirements  stated 
herein,  the  requirements  specified  herein  have  precedence. 

2.1  GOVERNMENT  DOCUMENTS 


Military  Documents 


Tide 


MII^STD-461C 
4  Aug  86 
Notice  1 
1  Apr  87 
Notice  2 
15  Oct  87 


Electromagnetic  Emission  and 
Susceptibility  Requirements  for  the 
Control  of  Electromagnetic  Interference 


MIL-STD-1540B 


Test  Requia^ents  for  Space  Vehicles 


(USAF) 

10  Oct  82 

Notice  1,  31  Jul  89 
Notice  2,  8  Feb  91 
Notice  3,  Feb  12  91 

MIL-STD- 1 54 1 A  Electromagnetic  Compatibility 

(USAF)  Requirements  for  Space  Systems 

30  Dec  87 

2.2  NON-GOVERNMENT  DOCUMENTS 

INTEL  270646  Embedded  Microcontrollers 


3.0  DAUGHTERBOARD  REQUIREMENTS 

3.1  STRUCTURAL  AND  MECHANICAL  REQUIREMENTS 

3.1.1  Board  Configuration  and  Envelope 

3. 1 . 1. 1  Single  Slot  Board  Configuration  and  Envelope  The  configuration  and  envelope  of 
a  single  slot  double-sided  daughterboard  is  shown  in  Figure  3. 

3. 1 . 1.2  Double  Slot  Boanl  Configuration  and  Envelope  The  configuration  and  envelope  of 
a  double  slot  double-sided  daughterboard  is  shown  in  Figure  4. 

3.1.3  Mass  Properties 

3.1.3  Single  Board  Configuration  Mass  Properties  The  total  weight  of  a  single  slot  MPTB 
daughterboard  shall  not  exceed  0.5  pounds  (227  grams).  This  weight  includes  the  VME 
connector,  mounting  screws,  and  any  stiffeners  that  are  required. 

3.1.3  Double  Board  Configuration  Mass  Properties  The  total  weight  of  a  double  slot 
MPTB  daughterboard  shall  not  exceed  1  pound  (454  grams).  This  weight  includes  the 
VME  connectors,  mounting  screws,  and  any  stiffeners  that  are  required. 

3. 1 .4  Connector  Physical  The  daughterboard/mothefboard  interface  i^uires  3-row,  96 
pin  inverted  male  DIN  connectors  (#ELCO  10-8477-096-002-904,  military  part  number 
M55302/157-02)  for  the  daughterboard,  and  3-row,  96  pin,  straight-thru,  female  DIN 
connectors(#ELCO  20-8457-096-002-908,  military  part  number  M55302/132-01).  A 
mechanical  drawing  of  the  connector  is  on  the  following  page. 

3.1.5  Materials  Selection  All  materials  exposed  to  the  environment  shall  meet  NASA 
Specification  SP-R-0022  with  less  than  1.0%  TML  and  less  than  0.1%  CVCM. 


3.2  ELECTRICAL  INTERFACE 


3.2.1  Voltages.  Each  daughterboard  will  be  provided  switched  +5V,  -5.2V,  and  +/-15V. 
All  voltages  are  +/-  5%.  The  output  ripple  in  a  2  Mhz  bandwidth  at  full  load  for  each  of  the 
power  supplies  is  shown  in  the  table  below. 


Power  Supply  Output  Voltage 

Peak  to  Peak  Output  Voltage  Level 

+5V 

80  mV 

-5.2V 

65  mV 

-H/-15V 

30  mV 

3.2.2  Grounding. 

3.2.2. 1  GND.  This  is  signal  ground,  which  is  the  return  for  the  +5V  and  the  -5.2V 
supplies. 

» 

3. 2.2.2  ANA  RTN.  This  is  return  for  the  +/-15V  supplies. 

3.3.2.3  Ground  Isolation.  ANA_RTN  must  be  isolated  by  at  least  100  KOhms  fix)m 
GND.  Additionally,  both  ANA_RTN  and  GDN  must  be  isolated  by  adeast  1  MOhm  from 
the  chassis  ground  (tie  in  points  on  board,  thermal  conductance  strip,  and  keep  out  area 
around  board  will  be  tied  to  chassis  ground.). 

3.2.2  Power. 

3.2.2. 1  Single  Board  Configuration  Power.  The  maximum  power  used  by  any  single  slot 
daughterboard  shall  not  exceed  10  Watts.  The  orbital  average  power  for  each 
daughterboard  will  be  approximately  2  Watts. 

3.2.2.2  Double  Board  Configuration  Power.  The  maximum  power  used  by  any  double 
slot  daughterboard  shall  not  exceed  20  Watts.  The  orbital  average  power  for  each  double 
slot  daughterboard  will  be  approximately  4  Watts. 

3.2.3  Low  Power  Option. 

3.2.3  Single  Board  Configuration  Low  Power  Option.  If  a  single  slot  daughterboard  is  to 
be  biased  at  all  times  (for  a  total  dose  experiment),  the  daughterboard  shall  have  a  low 
power  mode  that  shall  not  exceed  0.5  Watts. 

3.2.3  Double  Board  Configuration  Low  Power  Option.  If  a  double  slot  daughterboard  is 
to  be  biased  at  all  times  (for  a  total  dose  experiment),  the  daughterboard  shall  have  a  low 
power  mode  that  shall  not  exceed  1  Watt 

3.2.4  Connector  Pin-out. 

3.2.4. 1  Single  Slot  Connector  Pin-out.  Sinlge  slot  daughterboard  pin  assignments  are 
shown  on  the  following  page.  The  pin  locations  are  referenced  to  the  daughterboard 
connector. 


3.2A.2  Double  Slot  Connector  Pin 
independent  single  slot  connectors. 


t  A  double  slot  daughterboard  will  contain  two 


3.2.5. 1  Single  Slot  Digital  Interface  and  Schematic.  The  digital  interface  between  the 
motherboard  and  a  single  slot  daughterboard  will  use  Harris  HCS245  transceivers.  This 
interface  circuitry  resides  on  the  motherboard.  A  schematic  is  shown  iii  Figxire  5.  The 
signals  on  the  left  side  of  the  schematic  come  from  the  controller. ,  The  signads  on  the  right 
side  of  the  schematic  are  connected  to  the  96  pin  DIN  connector  for  the  daughterboard. 
Note  that  the  signals  on  the  right  side  of  the  schematic  are  tri-stated  unless  that 
daughterboard  is  selected. 


2,2.52  TV.iih1ft  Slot  Digital  Interface.  The  digital  interface  between  the  motherb^d  and  a 
dougle  slot  daughterboards  will  consist  of  two  independent  single  slot  digital  interface 
circuits  shown  in  Figure  5. 


mn4am 


Figure  5  -  Interface  Circuitry 
3.2.7  Analog  Measurement  Interface. 

3  2  7  1  Single  Slot  Analog  Measurement  Interface.  The  analog  interface  will  consist  of  14 
analog  lines  and  one  analog  return  line  (ANA_RTN_SENSE).  The  voltage  m^t^ent 
range  will  be  between  -4  and  6.24  Volts,  differentially  measured  between  ANALOGn  (n  is 
from  1  to  14)  and  ANA_RTN_SENSE.  The  measurement  resolution  is  2.5  mV . 

3.2.7 .2  Analog'Mpiasiirement  Interface.  The  analog  interface  will  consist  of  28  analog 
lines  and  two  analog  return  lines.  The  voUage  measurement  range  will  be  between  -4  and 
6.24  Volts.  The  measurement  resolM^(i»i$  2.5  mV . 


3.2.73  Current  Sensing  Circuitry.  The  recommended  current  sensing  circuitry  is  shown 
in  Figure  6. 


•^2  R4 


resistor 


Figure  6  -  Current  Sensing  Circuitry 

3.2.7.4  Temoeratum  Sensing  Circuitry.  The  temperature  sensing  circruitry  is  shown  in 
Hgure  7.  The  AD590  will  be  provided  by  NRL.  The  AD590  is  in  a  2-pin  flatpack  package 
shown  on  the  following  page. 


To 

Temp_Sense_High , 
A32 

— A/V^ 

1  Kohms, 
RLR07 
(tolerance  is 
not  critical) 


+  AD590  - 


"AA/^  ► 

1  Kohms, 

RLR07 
(tolerance  is 
not  critical) 


To  Temp_Sense_Rtn, 
B32 


Figure  7  -  Temperature  Sensing  Circuitry 

3.2.7.5  Dosimeter  Circuit.  The  dosimeter  circuit  is  shown  in  Figure  8.  The  dosimeter 
will  be  provided  by  NRL.  The  dosimeter  is  in  an  8-pin  TO-5  (TO-99)  package.  The 
mechanical  drawing  is  on  the  page  following  the  2-pin  flatpack. 


Top  View 


s 


Figure  8  -  Dosimeter  Circuitry 
3.2.8  Digital  to  Analog  Interface. 

3.2.8. 1  Single  Slot  Digital  to  Analog  Interface.  A  single  slot  daughterboard  will  iiave  a 
sin^e  digital  to  analog  interface  with  a  voltage  range  between  -4  and  6.24  volts  referenced 
differentially  between  signals  D/A_V  (pin  C2Q  and  D/A_REF_RTN  (C25). 
Daughterboards  using  these  signals  shall  provide  a  minimum  of  1  Megaohm  input 
impedance  on  each  signal.  The  voltage  is  fix>m  a  12-bit  D/A  converter,  the  Andog  Devices 
AD565ATD.  The  voltage  resolution  is  2.5  mV. 

3.2.8.2  Double  Slot  Digital  to  Analog  Interface.  A  double  slot  daughterboard  will  have 
two  independent  digital  to  analog  interfaces  as  described  in  3.2.8. 1.  These  two  interfaces 
are  independently  switched;  when  one  is  on,  the  other  will  be  off.  They  can  both  be  off  at 
the  same  time  though. 


3.2.9  Electromagnetic  Compatibility.  The  daughterboard  shall  pass  the  CEOl  and  CE03 
tests  with  connected  to  a  Line  Impedance  and  Source  Network  that  simulates  the 
Experiment  Panel's  power  outputs.  The  test  levels  shall  follow  CEOl  and  CE03,  except 
the  iititial  value  is  based  on  -40dB  of  the  maximum  normal  operating  load  current  The 
MPTB  experiment  must  meet  the  EMI  requirements  set  in  Figures  9  and  10.  TLe  MPTB 
designers  will  work  with  the  individual  experimenter  designers  to  insure  compatibility  at 
the  daughterboard  level. 
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3.3  SIGNAL  INTERFACE 

This  section  defines  signal  interfaces  between  the  8051  microcontroller  on  the  experiment 
panel  and  the  daughterboards. 

3.3.1  RD*.  An  8051  external  data  read  cycle.  The  8051  is  running  at  12  Mhz.  Read 
cycle  timing  is  shown  in  Figure  1 1. 

3.3.2  WR*  An  8051  external  data  write  cycle.  The  8051  is  running  at  12  Mhz.  Write 
cycle  timing  is  shown  in  Figure  12. 

3.3.3  INT*.  The  daughterboard  can  pull  this  line  low  interrupt  the  processor.  This  teUs 
the  processor  that  the  daughterboard  has  data  to  pass  on.  The  daughterboard  shall  not 
modify  this  data  until  this  line  is  reset. 

3.3.4  TNT*  RESET*.  This  signal  is  driven  low  by  the  processor  to  reset  a 
daughterboard’s  I^IT*  line.  This  tivill  be  done  after  the  processor  has  read  all  the  necessary 
info^tion  from  the  daughterboard.  The  INT*_RESET*  line  will  remain  low  until  the 
daughterboard’s  INT*  returns  to  a  high  logic  level. 

3.3.5  Rr).<;T7T  .*■  This  signal  is  driven  low  when  the  particular  daughterboard  is  selected. 
After  the  falling  edge,  the  daughterboard  will  have  no  more  than  657  nanoseconds  before  it 
must  give  the  panel  controller  full  control  of  any  shared  memory.  When  BDSEL*  returns 
high,  the  daughterboard  may  resume  control  of  any  shared  memory. 

3.3.6  RFRFT*-  This  signal  is  driven  low  to  reset  the  daughterboards. 

3.4  SOFTWARE  INTERFACE 

3  .4.1  Overview  The  Digital  Interface  between  the  Experiment  Panel  Controller  (EPP)  and 
the  various  experiments  (DUTs)  is  done  completely  in  a  2k  section  of  the  EPP  s  data 
memory.  (One  2k  section  of  EPP  memory  for  each  DUT)  The  EPP  will  need  to  send 
commands  and  collect  error  messages  from  the  DUTs.  This  section  discusses  the  way  this 
digital  information  is  passed  between  the  EPP  and  the  DUTs.  There  are  additional 
resources,  that  are  not  discussed  in  this  section  of  the  document,  for  the  exchange  of  an^og 
data  between  the  EPP  and  the  DUTs .  MPTB  also  has  a  go^  of  DUT  modularity,  that  is  if 
a  particular  DUT  is  unavailable  or  a  more  important  DUT  is  found  the  new  board  can 
plugged  right  in  to  the  old  slot  with  little  unpact*  To  achieve  this  goal  Flight  Software  will 
be  supporting  two  standard  interfaces* 


^.4.2,  Type  T  Tnterface:  Fixed.  Simple  Interface,  This  interface  type  is  designed  for 
experiments  that  require  very  basic  start/stop  commands  and/or  will  generate  the  same  error 
message  every  time.  Both  the  command  and  the  telemetry  Type  I  interfaces  will  have  fixed 
locations  for  all  input  and  output  Due  to  its  generality,  there  may  be  bytes  that  are  not  used 
by  a  particular  experiment  Each  experiment  will  have  the  option  of  using  either  the  Type  I 
command  interface  or  the  Type  I  telemetry  interface  or  both  interfaces* 


3.4.2. 1  Type  I  Command  Interface  The  Command  Interface  for  Type  I  DUTs  will  start  at 
location  0x000  of; the  2k  memory  mapped  interface.  The  interface  will  be  the  same  for  ^ 
Type  I  DUTs.  Figure  13  shows  the  command  interface.  The  Command  Byte  of  the 
interface  is  used  to  both  indicate  that  a  command  is  present  and  what  that  command  is.  All 
other  command  data  are  written  prior  to  writing  the  command  byte. 


New  Address 


0x00 

0 

Command 

001 

MSB  of  Start  Addr 

002 

Start  Addr 

003 

Start  Addr 

004 

LSB  of  Start  Addr 

005 

MSB  of  Stop  Addr 

006 

Stop  Addr 

007 

Stop  Addr 

008 

LSB  of  Stop  Addr 

009 

MteB  of  Pattern  Data 

OOA 

Pattern  Data 

OOB 

Pattern  Data 

OOC 

LSB  of  Pattern  Data 

OOD 

MSB  of  Refresh  Rate 

OOE 

LSB  of  Refresh  Rate 

RESERVED . . . 

Figure  13:  Type  I  Command  Interface 

A  command  of  zero  (0x00)  wiU  be  used  to  stop  the  current  experiment  di^g  execution. 
Typically  a  memory  e3q)aTment  would  need  a  start  address  (up  to  32  bits)  ^d  a  stop 
address  (up  to  32  bits)  over  which  the  particular  test  will  run.  It  would  also  need  the  data 
pattern  (up  to  32  bits)  to  write  for  this  test  For  those  experiments  requiring  a  refresh  rate  a 
16  bit  location  is  available.  The  locations  for  each  data  item  will  be  the  sme  for  users 
of  this  interface.  If  an  experiment  needs  less  than  32  bits  of  addressing,  it  will  still  fmd  me 
start  address  at  0x001  and  the  stop  address  at  0x005.  This  interface  is  pnmaidy  for 
memory  experiments  although  any  experiment  desiring  a  simple  interface  may  use  the  data 
in  the  above  locations  in  any  way  suitable  to  the  experiment 


'^  4.2.2  Tvpft  T  Telemetry  Interface  The  Telemetry  Interface  for  Type  I  DUTs  will  start  ^ 
location  0x110  of  the  2k  memory  mapped  interface.  The  interface  will  be  the  same  for  all 
Type  I  DUTs.  Figure  14  shows  the  Telemetry  interface.  All  bytes,  including  the  counter 
bytes,  are  collected  whenever  the  DUT  asserts  the  interrupt  line.  The  counter  bytes  are 
intended  to  be  used  in  a  solar  flare  scenario.  In  such  a  situation,  the  experiment  would  ju^ 
scan  its  DUT  and  rather  than  report  details  on  each  error,  it  would  just  count  all  errors  and 
periodically  assert  the  interrupt  line.  In  all  modes  the  experiment  would  stop  once  it  asserts 
the  interrupt  line  and  resume  only  after  the  EPP  collects  its  data  and  clears  the  intermpt. 
The  intOTupt  line,  when  asserted  by  a  DUT,  triggers  a  time  stamp  that  is  stor^  with  the 
data  the  EPP  collects  fixim  the  DUTs.  The  labels  in  Fig.  14  were  assigned  with  a  mernory 
experiment  in  mind,  as  long  as  a  DUT  ALWAYS  uses  the  same  location  for  a  specific  it^ 
any  data  may  be  put  in  any  location  with  the  exception  of  the  counter  bytes  that  must  be 
used  as  counter  or  not  used. 


0x11 

0 

MSB  of  Error  Addr 

111 

Error  Addr 

112 

Error  Addr 

113 

LSB  of  Error  Addr 

114 

MSB  of  Read  Data 
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Figure  14;  Type  I  Telemetry  Interface 


3.4.3  Type  11  Interface:  Variable.  Packet  Oriented  Interface  This  interface  type  is 
designed  for  experiments  that  require  more  complex  commands  and/or  will  generate  more 
complex  or  variable  error  messages.  Both  the  command  and  the  telemetry  Type  11  interface 
will  have  variable  length  areas  for  all  input  and  output  The  EPP,  for  commariding,  and  the 
DUT,  for  telemetry  messages,  will  be  responsible  for  using  a  byte  count  to  give  ^e  length 
of  the  command/telemetry  message.  Each  experiment  will  have  the  option  of  using  either 
the  Type  n  command  interface  or  the  Type  n  telemetry  interface  or  both  interfaces. 


3.4.3. 1  Type  n  ^mmand  Interface  The  Command  Interface  for  Type  n  DUTs  will  start 
at  0x000  of  the  2k  memory  mapped  interface.  The  EPP  and  the  DUT  must  use  the 
software  semaphore  (location  0x()00)  to  synchronize  the  passing  of  data.  IMMEDIATELY 
upon  startup  the  DUT  MUST  give  ^e  semaphore,  (write  0xC3  to  location  OxOCXX))  The 
EPP  will  write  the  new  command  data,  inducting  the  byte  count,  then  set  the  semaphore  to 
incticate  a  new  command  is  ready,  (write  0x3C  to  location  0x0(XX))  Upon  detecting  the 
semaphore  set  for  a  new  command,  the  DUT  reads  the  byte  count,  followed  by  reacting  the 
command  data.  After  it  has  collected  the  current  command,  the  DUT  sets  the  semaphore  to 
indicate  it  has  read  the  command  (write  0xC3  to  Icxiation  0x0000)  As  incticated  in  Fig.  15, 
any  command  may  contain  up  to  255  bytes  of  actual  data. 


0x00 

0 

001 

002 


100 


Figure  15;  Type  II  Command  Interface 


Software  Semaphore 


Command  Byte  Count 
Byte  1  of  CMP  Data 
, . .Bytes  2  ~  254 « . > 
Byte  255  of  CMP  Data 

RESERVED .  >  , _ 


•  M 

3.4.3.2  Type  11  Telemetry  Interface  The  Telemetiy  Interface  for  Type  n  DUTs  will  start  at 
location  0x1 10  of  the  2k  memory  mapped  interface.  The  communication  synchronization 
will  be  accomplished  by  the  interrupt  line.  When  the  DUT  has  data  for  the  EPP  to  collect, 
it  will  assert  the  interrupt  line.  The  EPP  will  then  collect  the  data  stored  in  the  DUTs 
telemetry  area.  No  additional  data  may  be  written  by  the  DUT  until  the  EPP  clears  the 
intOTupt  indicating  it  has  read  all  the  data.  Due  to  downlink  formatting  the  TLM  data  will 
be  limited  to  242  bytes  of  data  per  interrupt  (see  Figure  16). 


0x110 

TLM  Byte  Count 

111 

Byte  1  of  TLM  Data 

. . .Bytes  2  -  241, . . 

202 

Byte  242  of  TLM  Data 

203 

RESERVED. . . 

Figure  16:  Type  II  Telemetry  Interface 


3.5  THERMAL 

3.5.1  Heat  Dissipation.  The  daughterboard  shall  have  the  ability  to  dissipate  enough  heat 
such  that,  at  maximum  power,  the  temperature  does  not  exceed  the  maximum  operating 
junction  temperature. 

3.5.2  Operating  temperature  ranee.  The  operating  temperature  range  is  -IOC  to  +50C. 

3.5.3  Survival  temperature  range.  The  survival  temperature  range  is  -40C  to  +60C. 

3.6  FLIGHT  ENVIRONMENT 

The  following  parameters  represent  the  induced  flight  environments  to  which  the  ^ 
interfacing  experiment  is  exposed  during  ascent  and  earth  orbit  The  expei^ent  is 
expected  to  survive  and/or  operate  when  exposed  to  any  feasible  combination  of  those 
parameters  encountered  from  ascent  through  mission  operation. 

3.6.1  Acoustic.  Maximum  expected  flight  acoustic  environment  at  the  MPTB  interface 
with  the  host  vehicle  is  shown  in  Figure  17. 
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Figure  17  -  Acoustic  Environment 


3.6.2  Vibrarion.  Maximum  predicted  launch  vibration  levels  for  the  at  tlie  MPTB  interface 
with  the  host  vehicle  are  shown  in  Figure  18. 
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Figure  18  -  Maximum  Expected  Launch  Vibration  Leifels 

3.6.3.  Shock.  The  predicted  pryro-shock  levels  at  the  MPTB  interface  with  the  host 
vehicle  are  shown  in  Figure  19. 


Frequency  -  Hz 


Figure  19  -  Maximum  Expected  Pyro-shock  Levels 


5.0  TEST 


The  MPTB  daughterboard  will  undergo  environmental  and  functional  testing  at  NRL  after 
integration  into  the  experiment  panels. 

5.1  PRE-INTEGRATION  TESTS 

5.1.1  Visual  Inspection.  Each  flight  daughterboard  will  be  visually  inspected  for  flight 
worthiness. 

5.1.2  Physical  Properties  Inspected.  Each  flight  daughterboard  will  be  measured  and 
weighed  to  insure  that  it  falls  withiathe  defin^  envelope  and  weight 

5.1.2  Interface  Verification  Test  Each  daughterboard  will  be  inserted  into  a  test 
experiment  panel  motherboard  to  test  out  its  interfaces. 

5. 1 .2. 1  Digital  Interface  Test  The  waveforms  described  in  Section  3.3  will  be  tested. 
Data  set  up  and  hold  times  will  be  measured. 


5.2  POST-INTEGRATION  TESTS 

5.2.1  Tests  Performed  at  NRL. 

5.2.1. 1  Test  Performed  on  the  Engineering  Model  -  Oual  Level  Test 

1.  Random  vibration  at  flight  level  +6dB,  3  axes  for  3  minutes  each 

2.  Acoustic  at  flight  level  +6dB  for  2  minutes 

3.  Flight  shock  level,  3  axes,  3  shocks  each 

4.  Thermal  Cycle:  -20C  to  -h50C,  9  cycles 

5.  EMI  testing 

5.2. 1.2  Test  Performed  on  the  Flight  Unit 

1 .  Random  vibration  at  flight  level,  3  axes  for  1  minute  each 

2.  Acoustic  at  flight  level  for  1  minute 

3.  Flight  shock  level,  3  axes,  1  shock  each 

4.  Thermal  Cycle:  -IOC  to  -h50C,  9  cycles  at  box  level 

5.  Thermal  Vacuunu  -IOC  to  -h50C,  3  cycles  at  system  level 

6.  EMI  testing 


6.0  ACCEPTANCE  CRITERIA 


To  be  accepted  as  a  candidate  flight  board  for  the  USA  experiment,  a  daughterboard  must 
meet  the  following  criteria: 

1.  NRL  review  during  PDR  and  CDR. 

2.  Delivery  of  engineering  model  prior  to  qualification  testing. 

3.  Delivery  of  flight  daughterboard  before  final  integration  and  test 

4.  Satisfactorily  complete  pre-integration  testing. 

5.  Satisfactorily  complete  environmental  testing. 

6.1  Deliverables 

1.  Engineering  Model. 

2.  Flight  daughterboard. 

3.  Full  board  schematic. 

4.  List  of  discrete  analog  input  and  outputs. 

5.  Command  and  digital  da^  interface  description. 

5.  Documentation  describing  board  functions. 


APPENDIX  -  SUGGESTED  INTERFACE  DEVELOPMENT  TOOLS 

The  flight  software  on  MPTB  will  be  developed  using  Nohau’s  EmulSl-PC  emulation 
hardware.  Chip  Tools’s  Simulator  and  Debugger,  and  Franklin  Software’s  C51  compiler 
and  A51  assembler.  The  processor  is  an  805 IFC  mnning  at  12  Mhz.  These  tools  will  be 
hosted  on  a  PC  miming  DOS  and  Windows  3. 1,  The  ONLY  interface  to  the 
daughterboards  fiom  the  EPP  is  through  the  memory  mapped  interface.  Data  into  and  out 
of  the  daughterboards  will  be  done  as  described  in  Section  3.4  of  this  document 
Replication  of  the  circuitry  in  Figure  5  would  be  desirable  to  emulate  the  hardwarer*- 
interface.  The  BD_SEL*  line  can  be  generated  by  decoding  the  upper  5  bits  of  the  805 1 
address  bus  to  memory  map  the  daughterboard’s  2K  memory  location  into  the  upper  16K 
locations  in  the  805 1’s  memory  map. 


APPENDIX  B.  NCDRILL  AND  NCROUTE  FILES 

The  outputs  below  are  a  print  out  of  the  NCDRILL  and  NCROUTE  tape  files. 
A.  NCDRILL  FILE 


/LEADER:  12 
/HEADER: 


/CODE  :  ASCII 


FILE  : 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 

Holesize 


ncdrilll  for  layers  TOP  and  BOTTOM 

1.  =  26.000000  PLATED  MILS 

2.  =  28.000000  PLATED  MILS 

3.  =  36.000000  PLATED  MILS 

4.  =  39.000000  PLATED  MILS 

5.  =  44.000000  PLATED  MILS 

6.  =  45,000000  PLATED  MILS 

7.  =  110.000000  PLATED  MILS 

8.  =  120.000000  PLATED  MILS 

9.  =  140.000000  PLATED  MILS 

10.  =  150.000000  PLATED  MILS 


G90 

X00400Y02800 

R13X00100 

X01700Y03400 

R13X-00100 

X00400Y03550 

R13X00100 

X01700Y04150 

R13X-00100 

X00400Y04300 

R13X00100 

X01700Y04900 

R13X-00100 

X00400Y05050 

R13X00100 

X01700Y05650 

R13X-00100 

X00600Y02350 

R1 1X00100 

X01700Y02650 

RllX-OOlOO 

X00500Y01800 

R09X00100 

X01400Y02100 

R09X-00100 

X00500Y00900 

R19X00100 

X02400Y01500 

R19X-00100 

X01800Y01800 

R07X00100 

X02500Y02100 

R07X-00100 

X02100Y02500 

R1 1X00100 

X03200Y02900 
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RllX-OOlOO 

X02100Y03200 

RllXOOlOO 

X03200Y03600 

RllX-OOlOO 

X02100Y03800 

R09X00100 

X03000Y04100 

R09X-00100 

X02100Y04300 

R09X00100 

X03000Y04600 

R09X-00100 

X02100Y04800 

R09X00100 

X03000Y05100 

R09X-00100 

X02100Y05300 

R09X00100 

X03000Y05600 

R09X-00100 

X03030Y00840 

RllXOOlOO 

X04130Y01440 

RllX-OOlOO 

X03500Y01800 

RllXOOlOO 

X04600Y02200 

RllX-OOlOO 

X03500Y02500 

RllXOOlOO 

X04600Y02900 

RllX-OOlOO 

X03600Y03200 

R09X00100 

X04500Y03500 

R09X-00100 

X03600Y03800 

RIOXOOIOO 

X04600Y04200 

RlOX-00100 

MOO 

X04250Y01940 

X00800Y02000 

X01570Y02320 

X01640Y02620 

X01740Y00930 

X02100Y02250 

X01200Y02250 

X00790Y02690 

X00760Y04010 

X03880Y03970 

X02800Y02170 

X04360Y04230 

X02780Y00930 

X01480Y00860 

X04150Y04030 


X04000Y04030 

X01370Y01930 

X04300Y02020 

X01430Y03460 

X02740Y02050 

X02580Y01960 

X03840Y05200 

X04170Y04740 

X03830Y05070 

X04170Y05200 

X03530Y04500 

X03630Y03050 

X03500Y03050 

X01270Y01440 

X01570Y01440 

X00730Y01830 

X01530Y01830 

X01550Y02780 

X01040Y02710 

X01070Y01530 

X01630Y01740 

X00960Y01740 

X00920Y00400 

X04070Y04330 

X00990Y00380 

X01640Y02710 

X00940Y02680 

X01780Y02750 

X01760Y01470 

X00830Y01470 

X04360Y03550 

X01230Y02760 

X01030Y01560 

X04390Y04080 

X01330Y01860 

X01290Y00390 

X04220Y05650 

X03550Y05270 

X03550Y04660 

X03880Y05300 

X03830Y04580 

X02900Y04900 

X02570Y04450 

X04490Y04940 

X04510Y04710 

X02430Y04480 

X02500Y04960 

X02400Y04740 

X03840Y04770 

X03830Y04630 

X02930Y05050 

X02800Y05230 

X02530Y05730 

X04410Y05400 

X02430Y05730 

X04410Y05760 

X01240Y01380 


X01250Y03360 

X00880Y00480 

X02000Y01560 

X01970Y02380 

X00800Y02440 

X00800Y02590 

X00840Y02400 

X00840Y01410 

X01170Y01600 

X02250Y04060 

X02050Y03020 

X01220Y03020 

X01910Y05590 

X00540Y04420 

X01890Y04870 

X01820Y05260 

X01820Y02560 

X01120Y02590 

X01850Y04760 

X01850Y02590 

X01160Y03780 

X04000Y05390 

X02360Y02260 

X01300Y02280 

X03940Y03930 

X02400Y03940 

X04470Y05120 

X04470Y03890 

X02270Y02220 

X01420Y02220 

X02560Y05010 

X02170Y02350 

X02100Y04370 

X01340Y04330 

X03020Y02000 

X01500Y02000 

X01500Y01650 

X02330Y03090 

X00800Y02190 

X02400Y02290 

X01410Y00480 

X01410Y00800 

X01610Y01010 

X03890Y02410 

X02400Y03400 

X02300Y03320 

X04370Y03290 

X02200Y03290 

X04330Y03260 

X02100Y03260 

X04200Y03130 

X02230Y02630 

X04370Y03020 

X02300Y03020 

X02430Y02660 

X02830Y04020 

X04180Y02260 


X02400Y02570 

X02300Y02600 

X02200Y02790 

X03780Y02700 

X02100Y02970 

X00630Y02220 

X00670Y02160 

X01560Y02130 

X02980Y03140 

X00700Y03170 

X01140Y00600 

X01070Y02770 

X00800Y03140 

X03080Y03110 

X03670Y03170 

X01040Y01640 

X01340Y01640 

X03860Y03830 

X03200Y03800 

X01060Y02820 

X01000Y03750 

X00870Y00610 

X03700Y03660 

X03100Y03660 

X01150Y02130 

X03000Y03740 

X01200Y03720 

X00730Y02730 

X00750Y00790 

X02930Y03840 

X03570Y03860 

X00660Y02850 

X00770Y00680 

X02700Y03700 

X02540Y02860 

X04140Y02120 

X04320Y05660 

X04030Y05650 

X04740Y05450 

X02040Y05430 

X00290Y05520 

X04760Y05230 

X03580Y05200 

X04760Y04970 

X04330Y04740 

X04010Y04740 

X03940Y04910 

X02040Y04920 

X00290Y04720 

X02040Y04430 

X03490Y04020 

X02040Y03920 

X00300Y03970 

X02040Y03530 

X03380Y03490 

X02040Y03280 

X00300Y03220 


X04720Y02820 

X03220Y02750 

X02020Y02720 

X04550Y02350 

X00540Y02480 

X04770Y01810 

X01690Y01850 

X00350Y01930 

X02900Y01220 

X00340Y01320 

X04770Y04730 

X04370Y05350 

X04420Y04830 

X03560Y04820 

X04420Y05330 

X04170Y05390 

X04780Y04530 

X03240Y04200 

X00290Y04280 

X02670Y02160 

X00440Y02140 

X04760Y01260 

X04420Y01230 

MOO 

X03250Y05100 

X03250Y05600 

X03370Y05100 

X03370Y05600 

X03070Y01900 

X03270Y01900 

X03700Y05500 

X03700Y05600 

MOO 

X00950Y00550 

R31X00100 

X00950Y00450 

R31X00100 

X00950Y00350 

R31X00100 

MOO 

X03500Y05100 

MOO 

X03500Y05600 

MOO 

X00500Y00625 

X00500Y00275 

X04500Y00275 

X04500Y00625 

MOO 

X00728Y00450 

X04272Y00450 

MOO 

X00500Y00450 

X04500Y00450 

MOO 

X00250Y00150 

X00150Y02320 


X00250y05850 

X02450Y05850 

X04700Y05850 

X04850Y02340 

X04750Y00150 

M30 


B.  NCROUTEFILE 

/EXTENTS:  -1.000  -1.000  10.000  7.500 

/LEADER:  12 

/HEADER:  none 

/CODE  :  ASCII 

/FILE  :  brd23  for  board 

/tmp_mnt/h/galaxy_ul/inooney/ thesis/project/brd23 .brd 
% 

G90 
FI 
Ml  6 
TOl 
Ml  6 

G00X05000Y06000 

M15 

G01X05000Y00190 

G01X0481OY0O000 

G01X00190Y00000 

G01X00000Y00190 

G01XOOOOOY06000 

G01X05000Y06000 

Ml  6 

G40 

M30 
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APPENDIX  C.  DATASHEETS 


The  following  Pages  include  manufacturer  datasheets  from  the  following  companies; 

•  UTMC 

•  Harris 

•  Vitesse 

•  IDT 

•  National  Semiconductor 

•  ELCO 

•  Phillips 

•  Ralton 

•  Ohmite 

•  Motorola 
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Military  Standard  Products 

UT69RH051  Microcontroller 

Product  Brief 


UNITED 

TECHNOLOGIES 

MICROELECTRONICS 

CENTER 


917037678032  P.01 


March  1995 


FEATURES 

□  Three  16*bit  timer/counters 

-  High  speed  output 

•  Compare/capture 

-  Pulse  width  modulator 

•  Watchdog  timer  capabilities 

□  256  bytes  of  on-chip  data  RAM 

□  32  programmable  lA)  lines 

□  ,7  interrupt  sources 

□  Programmable  serial  channel  with: 

•  Framing  error  detection 

•  Automatic  address  recognition 

□  TTL  and  CMOS  compatible  logic  levels 

□  64K  external  data  and  program  memory  space 

□  MCS®-51  fully  compatible  instruction  set 


□  Flexible  clock  operation 

-  IHz  to  20MHz  with  external  clock 

■  2MHz  to  20MHz  using  internal  oscillator  with 
external  crystal 

□  Radiation-hardened  ptxKess  and  design;  total  dose 
irradiation  testing  MIL-STD-883  Method  1019 

-  Total  dose:  1.0E6  rads(Si) 

-  Single  event  upset:  <25.6E-6  cnors/device-day 

-  Latchup  immune 

D  Post-radiation  AC/DC  perfonnance  characteristics 
guaranteed  to  MIL-STD-883  Method  1019  testing  at 
1.0E6rads(Si) 

□  Built  on  low-power,  l.2p CMOS  process 

□  Packaging  options: 

-  40-pin  DIP 

-  44-lead  flatpack 

PO.O  -  P0.7  P2.0  -  P2.7 


ictaliHuH  xtau 


t _  ■  1 


Pl.0  -  P1.7 


P3.0  -  P3.7 


Figure  1.  UT69RH051  Microcontroller  Block  Diagram 


TOTAL  P.01 


1.0  INTRODUCTION 

The  UT69RH051  is  a  radiation-tolerant  8-bit 
microcontroller  that  is  pin  equivalent  to  the  Intel  8XC5 IFC 
microcontroller.  The  UT69RH05rs  static  design  allows 
operation  from  IHz  to  20MHz.  This  product  brief  will 
describe  hardware  and  software  interfaces  to  the 
UT69RH051. 


2.0  SIGNAL  DESCRIPTION 
Vdd;  +5V  Supply  voltage 
Vsst  Circuit  Ground 

Port  0  (P0.0  -  P0.7):  Port  0  is  an  8-bit  port.  Its  pins  are  used 
as  the  low-order  multiplexed  address  and  data  bus  during 
accesses  to  external  program  and  data  memory.  Port  0  pins 
use  strong  internal  pullups  when  emitting  1  ’s,  and  are  TTL 
compatible. 

Port  1  (Pl.O  -  P1.7):  Port  1  is  an  8-bit  bidirectional  I/O  port 
with  internal  pullups.  The  output  buffers  can  drive  TTL 
loads.  When  the  Port  1  pins  have  I’s  written  to  them,  they 
are  pulled  high  by  the  internal  pullups  and  can  be  used  as 
inputs  in  this  state.  As  inputs,  any  pins  that  are  externally 
pulled  low  will  source  current  because  of  the  pullups.  In 
addition.  Port  I  pins  have  the  alternate  uses  shown  in 
table  1. 

Port  2  (P2.0  -  P2.7):  Port  2  is  an  8-bit  port.  Its  pins  are  used 
as  the  high-order  address  bus  during  accesses  to  external 
Program  Memory  and  during  accesses  to  external  Data 
Memory  that  uses  16-bit  addresses  (i.e.,  MOVX@DPTR).  It 
uses  strong  internal  pullups  when  emitting  I’s  in  this  mode. 
During  operations  that  do  not  require  a  16-bit  address.  Port 
2  emits  the  contents  of  the  P2  Special  Function  Registers 
(SFR).  The  pins  have  internal  pullups  and  can  drive  TTL 
loads. 

Port  3  (p3.0  -  p3.7):  Port3  is  an  8-bit  bidirectional  I/O  port 
with  internal  pullups.  The  output  buffers  can  drive  TTL 
loads.  When  the  Port  3  pins  have  1  ’s  written  to  them,  they 
are  pulled  high  by  the  internal  pullups  and  can  be  used  as 
inputs  in  this  state.  As  inputs,  any  pins  that  are  externally 
pulled  low  will  source  current  because  of  the  pullups.  In 
addition.  Port  3  pins  have  the  alternate  uses  shown  in 
table  2. 


Table  1.  Port  1  Alternate  Functions 


Port 

Pin 

Alternate 

Name 

Alternate  Function 

Pl.O 

T2 

External  clock  input  to  Timer/ 
Counter  2 

Pl.l 

T2EX 

Timer/Counter  2  Capture/Reload 
trigger  and  direction  control 

P1.2 

ECI 

External  count  input  to  PCA 

P1.3 

CEXO 

External  I/O  for  PCA  capture/ 
compare  Module  0 

PI. 4 

CEXl 

External  I/O  for  PCA  capture/ 
compare  Module  1 

P1.5 

c:ex2 

External  I/O  for  PCA  capture/ 
compare  Module  2 

P1.6  ! 

CEX3 

External  I/O  for  PCA  capture/ 
compare  Module  3 

P1.7 

CEX4 

External  I/O  for  PCA  capture/ 
compare  Module  4 

Table  2,  Port  3  Alternate  Functions 


Port 

Pin 

Alternate 

Name 

Alternate  Function 

P3.0 

RXD 

Serial  port  input 

P3.1 

TXD 

Serial  port  output 

P3.2 

INTO 

External  interrupt  0 

P3.3 

INTI 

External  interrupt  1 

P3.4 

TO 

External  clock  input  for  Timer  0 

P3.5 

T1 

External  clock  input  for  Timer  1 

P3.6 

WR 

External  Data  Memory  write 
strobe 

P3.7 

RD 

External  Data  Memory  read 
strobe 

RST:  Reset  Input.  A  high  on  this  input  for  one  oscillator 
period  while  the  oscillator  is  running  resets  the  device.  All 
ports  and  SFRs  reset  to  their  default  conditions.  Inten^ 
data  memory  is  undefined  after  reset.  Program  execution 
begins  within  12  oscillator  periods  (one  machine  cycle) 
after  the  RST  signal  is  brought  low.  RST  contains  an 
internal  pulldown  resistor  to  allow  implementing  power-up 
reset  with  only  an  external  capacitor. 


ALE:  Address  Latch  Enable.  The  ALE  output  is  a  pulse  for 
latching  the  low  byte  of  the  address  during  accesses  to 
external  memory.  In  normal  operation  the  ALE  pulse  is 
output  every  sixth  oscillator  cycle  and  may  be  used  for 
external  timing  or  clocking.  However,  during  each  access  to 
external  Data  Memory  (MOVX  instruction),  one  ALE  pulse 
is  skipped. 

PSEN:  Program  Store  Enable.  This  active  low  signal  is  the 
read  strobe  to  the  external  program  memory.  P$EN  is 
activated  every  sixth  oscillator  cycle  except  that  two  PSEN 
activations  are  skipped  during  external  data  memory 
accesses. 

EA:  External  Access  Enable.  This  pin  should  be  strapped  to 
Vss  (Ground)  for  the  UT69RH05L 

XTALl:  Input  to  the  inverting  oscillator  amplifier. 

XTAL2:  Output  from  the  inverting  oscillator  amplifier. 
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.  UT69RH051  Pin  Connections 


2.1  Hardware/Software  Interface 

2.1.1  Memory 

The  UT69RH05 1  has  a  separate  address  space  for  Program 
and  Data  Memory.  Internally  the  UT69RH05 1  contains  256 
bytes  of  Data  Memory.  It  can  address  up  to  64 Kbytes  of 
external  Data  Memory  and  64Kbytes  of  external  Program 
Memory. 

2.1.1. 1  Program  Memory 

There  is  no  internal  program  memory  in  the  UT69RH051. 
All  program  memory  is  accessed  as  external  through  ports 
PO  and  P2.  The  EA  pin  must  be  tied  to  Vss  (ground)  to 
enable  access  to  external  locations  OOOOh  through  TFFFh. 

2.1. 1. 2  Data  Memory 

The  UT69RH05 1  implements  256  bytes  of  internal  data 
RAM.  The  upper  128  bytes  of  this  RAM  occupy  a  parallel 
address  space  to  the  SFRs.  The  CPU  determines  if  the 
internal  access  to  an  address  above  7FH  is  to  the  upper  128 
bytes  of  RAM  or  to  the  SFR  space  by  the  addressing  mode 
of  the  instruction.  If  direct  addressing  is  used,  the  access  is 
to  the  SFR  space.  If  indirect  addressing  is  used,  the  access  is 
to  the  internal  RAM.  Stack  operations  are  indirectly 
addressed  so  the  upper  portion  of  RAM  can  be  used  as  stack 
space.  Figure  3  shows  the  organization  of  the  internal  Data 
Memory. 

The  first  32  bytes  are  reserved  for  four  register  banks  of 
eight  bytes  each.  The  processor  uses  one  of  the  four  banks 
as  its  working  registers  depending  on  the  RS 1  and  RSO  bits 
in  the  PSW  SFR  At  reset,  bank  0  is  selected.  If  four  register 
banks  are  not  required,  use  the  unused  banks  as  general 
purpose  scratch  pad  memory.  The  next  16  bytes  (128  bits) 
are  individually  bit  addressable.  The  remaining  bytes  are 
byte  addressable  and  can  be  used  as  general  purpose  scratch 
pad  memory.  For  addresses  0  -  7Fh,  use  either  direct  or 
indirect  addressing.  For  addresses  larger  than  7Fh,  use  only 
indirect  addressing. 

In  addition  to  the  internal  Data  Memory,  the  processor  can 
access  64  Kbytes  of  external  Data  Memory.  The  MOVX 
instruction  accesses  external  Data  Memory. 


2.12  Special  Function  Registers 
Table  3  contains  the  SFR  memory  map.  Unoccupied 
addresses  are  not  implemented  on  the  device.  Read  accesses 
to  these  addresses  will  return  unknown  values  and  write 
accesses  will  have  no  effect. 
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Figure  3.  Internal  Data  Memory  Organization 


2.1.3  Reset 

The  reset  input  is  the  RST  pin.  To  reset,  hold  a  the  RST  pin 
high  for  a  minimum  of  24  oscillator  period  while  the 
oscillator  is  running.  The  CPU  generates  an  internal  reset 
from  the  external  signal.  The  ports  pins  are  driven  to  the 
reset  state  as  soon  as  a  valid  high  is  detected  on  the  RST 
pin. 

While  RST  is  high,  PSEN,  ALE,  and  the  port  pins  are 
pulled  weakly  high.  All  SFRs  are  reset  to  their  reset  values 
as  shown  in  table  3.  The  internal  Data  Memory  content  is 
indeterminate. 


The  processes  will  begin  operation  one  machine  cycle  after 
the  RST  line  is  brought  low.  A  memory  access  occurs 
immediately  after  the  RST  line  is  brought  low,  but  the  data 
is  not  brought  into  the  processor.  The  memory  access 
repeats  on  the  next  machine  cycle  and  actual  processing 
begins  at  that  time. 

2.1.4  Instruction  Set 

The  instruction  set  for  the  UT69RH05 1  is  compatible  to  the 
Intel  MCS-51  instruction  set  used  on  the  8XC5 IFC. 


4 
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Table  3.  SFR  Memory  Registers 


cii  I  CCAPOH  I  CCAPIH  CCAP2H  CCAP3H  CCAP4H 

00000000  xxxxxxxx  xxxxxxxx  xxxxxxxx  xxxxxxxx  xxxxxxxx 


FO  B 

00000000 


ACC 

00000000 

CCON 

00X00000 

PSW 

00000000 

T2CON 

00000000 


CL  CCAPOL  CCAPIL  CCAP2L  CCAP3L  CCAP4L 

00000000  XXXXXXXX  xxxxxxxx  xxxxxxxx  xxxxxxxx  xxxxxxxx 


CMOD  CCAPMO  CCAPMl  CCAPM2  CCAPM3  CCAPM4 

OOXXXOOO  XOOOOOOOO  XOOOOOOOO  XOOOOOOOO  XOOOOOOOO  XOOOOOOOO 


T2MOD  RCAP2L  RCAP2H  TL2  TH2 

XXXXXXOO  00000000  00000000  00000000  OOOOOOOT 


IP 

xooooooo 

SADEN 

00000000 

P3 

11111111 

IPH 

XOOOOOOOO 

IE 

00000000 

SADDR 

00000000 

P2 

11111111 

SCON 

00000000 

SBUF 

XXXXXXXX 

PI 

11111111 

TCON 

00000000 

TMOD 

00000000 

TLO 

00000000 

TLl 

00000000 

THO 

00000000 

THl 

00000000 

PO 

11111111 

SP 

00000111 

DPL 

00000000 

DPH 

00000000 

PCON 

OOXXOOXX 

Notes: 

1.  Values  shown  are  the  reset  values  of  the  registers. 

2.  X  =  undefined. 


5 


3,0  RADIATION  HARDNESS 

The  UT69RH051  incorporates  special  design  and  layout 
features  which  allow  operation  in  high-level  radiation 
environments.  UTMC  has  developed  special 
low-temperature  processing  techniques  designed  to 
enhance  the  total-dose  radiation  hardness  of  both  the 
gate  oxide  and  the  field  oxide  while  maintaining  the 


circuit  density  and  reliability.  For  transient  radiation 
hardness  and  latchup  immunity,  UTMC  builds  all 
radiation-hardened  products  on  epitaxial  wafers  using  an 
advanced  twin-tub  CMOS  process.  In  addition,  UTMC 
pays  special  attention  to  power  and  ground  distribution 
during  the  design  phase,  minimizing  dose-rate  upset 
caused  by  rail  collapse. 


RADIATION  HARDNESS  DESIGN  SPECIFICATIONS  1 


PARAMETER 

CONDITION 

MINIMUM 

UNIT 

Total  Dose 

+25'’Cper  MIL-STD-883  Method  1019 

1.0E6 

rads(Si) 

Dose  Rate  Upset 

<  4|is  pulsewidth 

1.0E8 

rads(Si)/sec 

Dose  Rate  Survival 

20ns  pulsewidth 

I.OEIO 

rads(Si)/sec 

LET  Threshold 

-55°C  to  -t-llS’C 

36 

MeV- 

cm^/mg 

Neutron  Fluence 

IMeV  equivalent 

1.0E14 

n/cm^ 

1.  The  UT69RH051  will  not  latchup  during  radiation  exposure  under  recommended  operating  conditions. 


4.0  ABSOLUTE  MAXIMUM  RATINGS  ^ 
(Referenced  to  Vss) 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

Vdd 

DC  Supply  Voltage 

-0.5  to  7.0 

V 

Vi/o 

Voltage  on  Any  Pin 

-0.5  to  Vdd +3 V 

V 

Tstg 

Storage  Ifemperature 

-65  to  +150 

°c 

Pd 

Maximum  Power  Dissipation 

750 

mW 

Tj 

Maximum  Junction  Tfemperature 

175 

"C 

Ojc 

Thermal  Resistance,  Junction-to-Case  ^ 

10 

*CAV 

It  ^ 

DC  Input  Current 

±10 

mA 

1.  Stresses  outside  the  listed  absolute  maximuni  ratings  may  cause  permanent  damage  to  the  device.  This  is  a  stress  rating  only,  and  functional  operation 
of  the  device  at  these  or  any  other  conditions  beyond  limits  indicated  in  the  operational  sections  of  this  specification  is  not  recommended.  Exposure  to 
absolute  maximum  rating  conditions  for  extended  periods  may  affect  device  reliability. 

2.  Tfest  per  MIL-STD-883,  Method  1012. 


6.0  DC  ELECTRICAL  CHARACTERISTICS  (Pre/Post-Radiation)* 
Vdd  =  5.0V  ±  10%;  TA  =  -55"C  <  Tc  <  +125"C) 


SYMBOL 

PARAMETER 

CONDITION 

MINIMUM 

MAXIMUM 

UNIT 

ViL 

Low-level  Input  Voltage 

-0.5 

.8 

D 

ViH 

High-level  Input  Voltage 
(except  X1AL2,  RST,  EA) 

2.0 

Vdd+0.3 

■ 

ViHl 

High-level  Input  Voltage 
(XTALRST) 

3.85 

Vdd+0-3 

■ 

VoL 

Low-level  Output  Voltage* 

(Ports  1, 2  and  3) 

Iql  =  lOOpA 

0.3 

n 

Iol  =  1.6mA 

0.45 

m 

Iql  =  3.5niA 

1.0 

D 

VOLI 

Low-level  Output  Voltage* 

Iol  =  2{)0pA 

0.3 

n 

(Port  0,  ALE/PROG,  PSEN) 

Iql  =  3.2mA 

0.45 

D 

Iol  =  T.OmA 

1.0 

D 

VoH 

High-level  Output  Voltage 
(Ports  1,  2,  and  3 

ALE/PROO  and  F5E?7) 

loH  =  -10^lA 

4.2 

a 

loH  =  -30|iA 

3.8 

a 

lOH  =  -6O11A 

3.0 

n 

VoHl 

High-level  Output  Voltage 
(Port  0  in  External  Bus  Mode) 

Iqh  =  -200iiA 

4.2 

a 

loH  “  -3.2niA 

3.8 

B 

Iqh  ”  -T.OmA 

3.0 

V 

IlL 

Logical  0  Input  Current 
(Ports  1,  2,  and  3) 

ViN  =  0.45V 

-50 

^lA 

lu 

Input  Leakage  Current 
(PortO) 

ViN  =  ViL  or  ViH 

±10 

\iA 

Itl 

Logical  1  to  0  Ti*ansition  Current 
(Ports  1,  2,  and  3) 

ViN  =  2V 

-650 

\lA 

Cio 

Pin  Capacitance 

@  IMHZ,  25“C 

10 

pF 

Ice 

Power  Supply  Current: 

(Running  at  I6MH2) 

Note  2 

52 

mA 

NoUs: 

•  Post-radiation  performance  guaranteed  at  25  °C  per  MIL -STD-883, 

1.  Under  steady  state  (non-transient)  conditions,  Iol  must  be  limited  externally  as  follows: 

Maximum  Iql  pm:  lOmA 

Maximum  Iol  P^r  8-bit  port- 

Port  0:  26niA 

Ports  1,  2,  &  3:  15raA 

Maximum  total  Iol  ^or  all  output  pins:  71mA 

If  Iql  exceeds  the  test  condition,  Vol  may  exceed  the  related  specification.  Pins  are  not  guaranteed  to  sink  current  greater  than  the  listed  test 
conditions. 

2.  See  figures  4, 5,  and  6  for  test  conditions. 
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Figure  4.  Idd  Test  Condition,  Active  Mode 
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Figure  5.  Clock  Signal  Waveform  for  Ice  Tests  in  Active  and  Idle  Modes 

tcLCH  =  IcHCL  =  5ns 


7.0  AC  CHARACTERISTICS  READ  CYCLE  (Post-Radiation)* 
(Vdd  =  5.0V  ±  10%;  •55°C  <  Tg  <  +125°C) _ 


SYMBOL 

PARAMETER 

MINIMUM 

MAXIMUM 

UNIT 

tCLCL 

Clock  Period 

50 

ns 

IAclcl 

Oscillator  Frequency 

16 

MHz 

tLHLL 

ALE  Pulse  Width 

2  tcLCL-40 

ns 

tAVLL 

Address  Valid  to  ALE  Low 

tCLCL-40 

ns 

tLLAX 

Address  Hold  after  ALE  Low 

tCLCL-30 

ns 

tLLIV 

ALE  Low  to  Valid  Instruction  In 

4  tcLCL'lOO 

ns 

tLLPL 

ALE  Low  to  PSET^  Low 

tCLCL-30 

ns 

tpLPH 

PSEN  Pulse  Width 

3  tcLCL-45 

ns 

tpLIV 

PSEN  Low  to  Valid  Instruction  In 

3  tcLCL-105 

ns 

tpxix 

Input  Instruction  Hold  after  PSEN 

0 

ns 

tpxiz 

Input  Instruction  Float  After  PSEN 

tCLCL-25 

ns 

tAVTV 

Address  to  Valid  Instruction  In 

5  tcLCL'105 

ns 

tpLAZ 

PSEN  Low  to  Address  Float 

10 

ns 

tRLRH 

RD  Pulse  Width 

6  tcLCL’lOO 

ns 

tWLWH 

WR  Pulse  Width 

6  tcLCL'lOO 

ns 

tRLDV 

RD  Low  to  Valid  Data  In 

5  tcLCL-165 

ns 

tRHDX 

Data  Hold  After  KU 

0 

ns 

tRHDZ 

Data  Float  After  RD 

2  tcLCL-^O 

ns 

tLLDV 

ALE  Low  Valid  Data  In 

8  tcLCL-150 

ns 

tAVDV 

Address  to  Valid  Data  In 

9  tcLCL-165 

ns 

tLLWL 

ALE  Low  to  RD  or  WR  Low 

3  tcLCL-50 

3  tcLCL+50 

ns 

tAVWL 

Address  Valid  to  WR  Low 

4  tcLCL*130 

ns 

tQVWX 

Data  Valid  Before  WR 

tCLCL-50 

ns 

tWHQX 

Data  Hold  After  WR 

tCLCL*50 

ns 

tQVWH 

Data  Valid  to  WR  High 

7  tcLCL-150 

ns 

tRLAZ 

RD  Low  to  Address  Float 

0 

ns 

tWHLH 

RD  or  WR  High  to  ALE  High 

tCLCL-40 

tcLCL+40 

ns 

'  R)st-radiation  performance  guaranteed  at  25°C  per  MIL -STD-883  Method  1019  at  1.0E6  rads(Si). 
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Figure  6.  External  Program  Memory  Read  Timing  Waveforms 


Figure  7.  External  Data  Memory  Read  Cycle  Waveforms 


Figure  8.  External  Data  Memory  Write  Cycle  Waveforms 


1,  8.0  SERIAL  PORT  TIMING  CHARACTERISTICS 


(Vdd  =  5.0V  ±  10%;  •55°C<Tc<  +125°C) 


SYMBOL 

PARAMETER 

MINIMUM 

MAXIMUM 

UNIT 

tXLXL 

Serial  Port  Clock  Period 

12  tcLCL-10 

12  t(XCL+10 

ns 

Iqvxh 

Output  Data  Setup  to  Qock  Rising  Edge 

10  tcLCL‘133 

ns 

tXHQX 

Output  Data  Hold  after  Qock  Rising  Edge 

2  tCLCL-70 

ns 

tXHDX 

Input  Data  Hold  after  Clock  Rising  Edge 

0 

ns 

tXHDV 

Clock  Rising  Edge  to  Input  Data  Valid 

10  tcLCL*133 

ns 
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Figure  9.  Serial  Port  Timing  Waveforms 


9.0  EXTERNAL  CLOCK  DRIVE  TIMING  CHARACTERISTICS 


SYMBOL 


PARAMETER 


MINIMUM 


MAXIMUM 


UNIT 


IAclcl 


Oscillator  Frequency 


16 


MHz 


tCHCX 

tCLCX 

tCLCH 

tCHCL 


High  Time 
Low  Time 
Rise  Time 
Fall  Time 


20 

20 


ns 


ns 


ns 


20 

20 


ns 
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TBD 


Figure  12.  44-Lead  Flatpack 


APPENDIX  A 

Difference  Between  Intel  8XC51FC  and  UTMC69RH051 


There  are  a  few  areas  in  which  the  UT69RH051  differs  frcxn 
the  8XC51FC.  These  differences  will  be  covered  in  this 
section.  In  this  discussion,  8XC51FC  will  be  used 
generically  to  refer  to  all  speed  grades  of  the  Intel 
8XC51FC  family,  including  the  20MHz  8XC51FC-1. 

1.0  RESET 

The  UT69RH051  requires  the  RST  input  to  be  held  high  for 
at  least  24  oscillator  periods  to  guarantee  the  reset  is 
completed  in  the  chip.  Also,  the  port  pins  are  reset 
asynchronously  as  soon  as  the  RST  pin  is  pulled  high.  On 
the  UT69RH05 1  all  portions  of  the  chip  are  reset 
synchronously  when  the  RST  pin  is  high  during  a  rising 
edge  of  the  input  clock.  When  coming  out  of  reset,  the 
8XC51FC  takes  1  to  2  machine  cycles  to  begin  driving  ALE 
and  PSEN  immediately  after  the  RST  is  removed  but  the 
access  during  the  first  machine  cycle  after  reset  is  ignored 
by  the  processor.  The  second  cycle  will  repeat  the  access 
ami  processing  will  begin. 

2.0  POWER  SAVING  MODES  OF  OPERATION 

2.1  Idle  Mode 

Idle  mode  and  the  corresponding  control  bit  in  the  PCON 
SFR  have  not  been  implemented  in  the  UT69RH051. 

Setting  the  idle  control  bit  will  have  no  effect. 


22  Power  Down  Mode 

Power  down  mode  and  the  corresponding  control  bit  in  the 
PCON  register  have  not  been  implemented  in  the 
UT69RH051.  Setting  the  power  down  control  bit  will  have 
no  effect.  Also,  the  Power  Off  Flag  in  the  PCON  has  not 
been  implemented. 

3,0  ON  CIRCUIT  EMULATION 

The  On  Circuit  Emulation  mode  of  operation  in  the 
8XC51FC  has  not  been  implemented  in  the  UT69RH051. 

4.0  OPERATING  CONDITIONS 

The  operating  voltage  range  f(x  the  8XC5 IFC  is  5V  ±  20%. 
The  operating  temperature  range  is  0°  to  70®C.  On  the 
UT69RH051,  the  operating  voltage  range  is  5V  ±  10%.  The 
operating  temperature  range  is  -55°  to  +125°C. 
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APPENDIX  B 

Impact  of  External  Program  ROM 


The  8051  family  of  microcontrollers,  including  the 
8XC5 IFC,  use  ports  0  and  2  to  access  external  memory.  In 
implementations  with  external  program  memory,  these  two 


ports  are  dedicated  to  the  program  ROM  interface  and  can 
not  be  used  as  Input/Ourput  ports.  The  UT69RH051  uses 
external  program  ROM,  so  ports  0  and  2  will  not  be 
available  for  I/O. 
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features  j 

□  Hi^  ^ed  Universal  RADpal 

*  ,'tpx>;25i]sioaxu^in 

-  SOMHzimaiimum  external  freqtteiKy 

-  iSoppoitedl^iiidustiy-stamlard  programmer 

•  'AmorplKws  sOi<|(»  anti-fuse 

□  As}fnchic«otu&sy|ic}iroiiousRADlvtL  operation 

-  S^dinHKras  PRESET 
<-  'AsyDchronous  RESET 

□  Up|to22ii]patandt0oatpafdnver8in^be 
coi^Bgured 

-  jCMOS  &  TTI.*4»nipatible  input  and  output  levels 

-  Three-stale  output  driveTs 

^  i 

□  'S^mUe  product  terns,  8  to  16  per  ou^ut 

□  10  user-programmable  output  macroocBs 

-  Roistered  ox  c(Aid>ipatonal  operation 

-  bul^rat  driver  pplarity^  control  selectable 

-  2  feedback  paths  available 


□  Lont  operating  current 

-  60inA  @  IMHz 

O  VDD:5^volts  ±1096 

□  Radiation-hardeMd  process  and  design;  total  dose 
irradiadon  testing  to  MIL-b’l  O-883,  Metiiod  1019 

-  Ttital  dose:  1.0E6  nds(Si) 

<  Single  event  efGects: 

Upset  threshold  50  MeV-cm^/mg  (min) 
Latchnp  immuae 

-  Neutron  floence:  1.0E14  rv^^ 

□  QMLQ  A  V  compliant  part  (check  bctoiy  for 
availability) 

□  Packaging  options: 

-  24-pui  100-miI  center  DIP  (OJOOx  L2) 

•  24-iead  flatpadr  (45  x  .64) 

-  2S-leadqoa^flatpaek(.45x.4S) 

O  Standard  Mflitaty  Drawing  5962-94754  avaOable 


Figure  h  Block  Diagram 


FRODUCr  DESCRIFITON 


The  Ur22VP10  RADmL  is  a  fuse  programmable  logic 
arr^  device.  The  familiar  som-of'productt  (AND-OR) 
logi;  stii]£ture  is  complemented ^vith  a  programmable 
iiia<WlL  The  UT2KVP10  fc  avaflable  in  24^m  DIP, 


24-ibad  flatpack,  an^  28-lead  qnad-flatpack  package  of- 
feiihga  providing  tqpi  to  22  kpota  and  10  outpots.  Amor- 
pheius  siUnMi  anti-fi^  technology  pravkies  the  program- 
mkjg  oi  eadi  ontpnn  The  user  spedfi^  'Aether  each  of 
the  'potential  ootputa  is  registered  or  dradunatoruiL  Out- 
pot  polarii^  is  ato  ipdividuany  selected,  allowing  ter 
greater  flexibility  foi  output  configuration.  A  utdque  out¬ 
put  bnaMe  ftinefion  jalkiws  the  user  to  uofigare  bidireo- 
tio^al  I/O  on  an  individual  basis. 


The{  ur22VP10  ncihectiire  in^leisients  variable  prod- 

oct  terms  providing  k  to  16  prodimt  terms  to  ootputs. 
This  feature  provid(|t  die  user  with  increased  hino- 
tioiiiflginhtBty,  Oth^  features  indude  conunmi  tynchro- 
noia  preset  and  a^ncfaitQiKMis  reset  These  features  elim- 
Piafe  the  need  for  perfenning  the  imtiaJizatioii  fimctkxn. 

Thel  TjrZZVFlO  provides  a  device  with  the  Sexibility  to 
impiement  logic  fbnedons  in  the  SOO  to  800  gate  com- 
plm^.The  flexible  ardiitectiire  imple- 

meUtatian  of  logic  filiations  requiringnp  to  21  inpoU 
asdiooiy  a  sinsie  oo^t  or  down  to  12  inputs  and  10 
ou^ts. 


DI^&  FIATPACK  ^OONFIGURATION 


QUAD-FIATPACK  PIN  CONFIGURATION 


I  t  CPA  Voo  Voo  yoo  V01 

n  n  n  n  n  .cLn 


iC 
I  Cis 


Id 

c 

IC 

IC 

PC 


1  2a  27  26 


7 

a 

9 

10 
11 


25 

24 

20 

22 

21 

20 

19 


12  13  10  15  16  17  18 

u  u  u  u  u  u  u 

1  t  Vaa  v«  (  voa  voa 


□  W2 

□  MS 

□  UM 

D  Vec 

□  was 

□  M» 

U  UOT 


PIN  NAMES 


CPA 

Qodc/Data  Input 

I 

Data  Input 

I/O 

Data  Input/Ou^TUt 

Vdd 

Power 

Vss 

Ground 

€ 


\ 


J 

I 


Vco 

900 

901 

902 

903 

904 
90$ 

906 

907 
906 
909 
I 


i 


FUNCTION  DESCRirnON 

Hie  UT22YP10  RADml  implements  logic  fiinctkms  as 
sum-of-prodnets  cipressioas  in  a  on&^tinis  program- 
znd>lo-AND/Sxed-OR  logic  array*  Uscr-Klefined  fiiao 
tions  are  cieaf ed  Ijy  programming  the  ooxmections  of 
input  signals  into  the  array.  User-con^urablc  output 
strsetm^  in  ihe  forin  ofl/O  macrooells  further  increase 
logic  fienbility. 
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Tibte  LMaaiocdl  CoofigiEraUoaTiiile 
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OVEK\|lEW 

The  UftSVPlO  RADbal  areihilectoie  (figure  1)  has  12 
dedKatbd  inputs  and  to  pro^e  to  inpats 

and  10  outputs  for  creafing  logic  fiuictions.  At  the  core 
of  the  deviK  is  a  ooe-tiine  programmable  anti-fiise  AND 
arrs^r  tlW  drives  a  fixed  jOR  array.  Vfifii  this  structure, 
the  UT^VPIO  can  imjrfement  up  to  10  sum-of-products 
logic  es^messions. 

Assodaked  with  each  of  (he  10  OR  fonctions  is  a  macro- 
cell  wh^  is  iadqpendei^  programmed  to  one  of  sir 
differeot  oonfigtuatioas;  Ihe  one-time  programmable 
auao  delb  aSow  each  to  create  sequentkd  combi- 

natorial  lo^  fimctionswidi  either  Active-High  or  Ao- 
tive-Lo^pt^aiily, 


LOGiqAHRAir 

\ 

The  oo^thne  programihaMe  AND  array  of  the 
m22^^0  RAIMmL  is  fanned  by  input  lines  mtersecting 
product  feniis.  The  input  lines  and  product  terins  are 
used  sBjfidlows: 


44  input  fines 

•  24i£^fiDescan7dMltmeaQdcoinplen)entoftherig-‘ 
nab  i^ipfied  to  die  iiqiiit  pins 

•  20  fines  cmiy  (he  true  mdcoRipfeineot  values  of  feed^ 
bade  |y  input  signab  fiRsi  the  10  VOs 

122  pro^hiet  terms: 


«  120  prodnet  terms  (arranged  in  2  gFCNq»  of  8, 10, 12,14, 
and  ^  used  to  finm  sons 

•  lOac^patem^tBrn^CaneforeachyO) 

«  I  ^d^^nchtomws  preset  term 

•  Igloi^asyncfaixiiioiistesettenn 

At  eacbjinput-Hoe^roduct-term  intexsectioo  there  is  an 
anti'fiisb  cdl  vriiidi  determines  whether  or  not  there  it  a 
logka}  doimecthni  at  that  intersectioiL  A  fuoduet  term 
whidi  i^  connected  to  both  the  tnie  and  complement  of 
an  input  signal  wifi  always  be  logical  zero,  and  dius  will 


not  effect  the  OR  functimi  that  it  derives.  When  there 
are  no  connections  on  a  product  term,  a  Don’t  Care 
state  exbts  and  that  term  will  always  be  a  logica]  one. 

PRODUCT  TERMS 

The  imiVPlOprovKies  120  product  terms  that  drive 
the  10  OR  fimetions.  The  120  product  terms  connect  to 
the  outputs  far  groups  of  8, 10, 12, 14,  and  16  te  fnmi  log¬ 
ical  sums. 

macsocellascbitecture 

Ihe  output  maopocdl  provides  coaytlete  control  over  the 
architecture  of  each  ou^uit.  Coirfiguriixg  each  output 
Bidqrendently  permits  users  to  tailor  the  oon%uratiou 
of  the  m22Vno  to  meet  design  requirements. 

Each  J/O  maoocell  (see  ^ure  2)  consists  c^a  D  fiip-fiop 
and  two  signal-select  muh^lezers.  Three  configuration 
select  bits  oontrolfing  the  multiplexeis  detenome  the 
configuration  of  eadi  UT22VP10  macroceD.  The  config¬ 
uration  select  bits  detennine  output  polarity,  ou^ut  type 
(registered  or  oomlMnatoria])  and  input  feeifitack^fpe 
(registered  or  I^).  See  figure  3  for  equivalent  dreuits 
for  the  macrocell  configurations. 

OUmiT  FUNCTIONS 

Ihe  signal  Cram  the  OR  airaymay  be  fed  direedy  to  the 
output  pin  (combinatorial  fimetion)  or  latdred  in  the  D 
fiip-fiop  (registered  fimetion).  The  D  flip-flop  latdies 
data  (M)  the  risaig  edge  of  the  dock.  When  the  syndno- 
nous  preset  term  is  satisfied,  the  Q  output  of  the  D  fl'q>- 
flop  output  win  be  set  logical  one  at  the  next  rising  edge 
of  the  dock  input.  Satb^mg  the  asynchronous  dear  term 
sets  Q  logical  zero,  tegaMless  of  the  dock  state.  If  both 
terms  ate  satisfied  rimuhaneously,  the  dear  will  override 
the  preset 


Figure  2.  MacrooeQ 


OljrmJTPOLARriTr 

( 

Ea<^  lOacrDoell  can^  configured  to  implement  Active- 
High  or  Active  Lowilqgic.  ftograaimabJe  polarify  elimi- 
catn  the  need  for  ectemel  inverters.  Unprogramned 
de^oe  oufouts  ue  logical  one  (inputt  don't  care). 

OnTPUT  ENABLE^ 

Tte  output  o<  each  jl/O  tnacroceil  can  he  enabled  or  dis¬ 
able  under  the  oat^d  a  progranunable  output  enable 
product  term.  The  do^t  signal  is  propagated  to  the  I/O 
piniwfaen  foe  logical  conditions  programmed  on  the  out- 
putenabletBna  ardsatisfied.  Otherwise,  the  output 
buffer  is  driven  info;  foe  high-io^tedance  state. 

The  output  enabk  term  allows  the  I/O  pin  to  fonction  as 
a  dedicated  hqia^  dedksted  output,  or  bidirectional  I/O. 
Wten  every  oonnectkm  is  mmcogrammed,  foeotiqnrt 
eiuible  product  term  permaneatly  enables  the  oufout 
bu&r  and  yieida  a  dedicated  outpirL  If  every  connection 
is  piugiammed,  tim  enablB  term  is  logically  leer  and  the 
l/OfonctinuB  as  a  dedicated  input. 


REGISTER  FEEDBACK 

The  feedback  signal  to  the  AND  array  is  taken  from  the 
output  when  the  I/O  isacroceD  implements  a  regiS' 
tered  function  (Cj  =  0,  =  0). 

BIDKECnONALI/O 

The  feedback  signal  is  taken  feom  the  I/O  pin  when  the 
macrooell  implements  a  combinatorial  fimetion  (Ci  =  1) 
ora  regster^  function  (Q  “  1,  Ci  =*  0).  In  tins  case, 
the  pin  can  be  used  as  a  dedicated  input,  a  dedicated 
output,  or  a  bidirectional  I/O. 

POWERS  RESET  ■ 

Tb  ease  system  initiaUzation,  all  D  flip-flops  will  power- 
up  to  a  reset  omidition  and  the  Q  ou^t  wUt  be  low.  The 
actual  oufost  of  the  UT22VP10  will  depend  on  the  pro¬ 
grammed  output  polarity.  The  Vop  rise  must  be  mono- 
tome  and  the  reset  delay  time  is  S)ts  maximum. 

AWn-FUSE  SECURITY 

The  UT22VP10  jHOvides  a  special  security  bit  that  pre- 

ventsurrauthonzedreadingorcopyicgofdesignspro- 
granuned  into  the  device.  The  secuii^bh  is  set  by  the 
PT  Tt  programmer,  at  the  concluskm  of  the  programming 
cyde.  Once  foe  sccuriV  bit  is  set  it  is  impoKible  to  veii^ 
(read)  or  program  the  UT22VP10. 


Regfstered  F^edbadc,  Registu«dl,  Actiw-Low  Qutjtot  (Q  =  0,  Ci  =  ®,  C#  =  0) 


Regbtend  F)e«dback«  Siegiste<«d,  Active-Higli  Output  (Q2  =  t«  Ci  =  8,  C«  =  1) 


I/O  Efeedbadt,Conil»iBatorial,ActW«-Lw  Output  (CJ2  =  X»  Cl  =  ltCo=*0) 


Figure  3.  Macrocell  Cooflgural^oii  {con&nuedon  neapage) 


Figure  3>MacrQccU  Configaratioii 
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ABSOLUTE  MAXIMUM  RATINGS^ 


SYMBOL 


PARAMETER 


Suppijr  voltage 


Input  voltage  aey  put 


Storage  Ibnperature  range 


Maxanum  juncdoa  temperature 


Lead  temperature  (soldertog  S  seconds) 


Hieimal  resistance  junction  to  case 


DC  ii^t  current 


Maximum  power  dissipanoa 


LMT 


4).3to7.0 


-03  to  Vdjj  +3 


.65  to +150 


UNITS 


Arviw  ki  ttoo  tr  *1^  O&er  oopcfidgw  twyvoi  bBsitt  » ll»e  <|i«ndoi»I  B  nrt  »eoo«^^ 

totaOBoiei  ptriodi  mo  affect  deviee 

2-  {lccB***^to8)^^^V. 


REC01^jlME?4DED  OPEBATING  CONDITIONS 


SYMBOL 


PARAMETER 


Sopfd^  voltage 


IiqMit  voltage  ai^  pin 


Tamper  atare  range 


LIMIT 


4.51053 


0  to  Vdd 


.55  to  + 125 


UNITS 


(9 
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100328 

Low  Power  Octal  ECL/TTL 
Bi-Directional  Translator  with  Latch 


General  Description 

The  100328  it  an  octal  latched  bnirecttonai  translator  de¬ 
signed  to  convert  TTL  logic  teveis  to  10QK  EOL  logic  levelt 
and  vice  versa.  The  direction  of  this  translation  is  deter¬ 
mined  by  the  DR  input  A  LOW  on  the  output  enable  Input 
(OE)  holds  the  ECL  outputs  in  a  cut-off  state  and  the  TTL 
outputs  at  a  high  impedance  level.  A  HIGH  on  the  latch 
enable  Input  (LE)  laiohee  the  data  at  both  inputs  even 
though  on^  orw  output  is  ervibled  at  the  tfene.  A  LOW  on  L£ 
makea  the  100328  tranaparenl 
The  cut-off  state  is  designed  to  be  more  negative  than  a 
normal  ECL  LOW  level.  This  allows  the  output  em«ter-toL 
lowere  to  turn  off  when  the  termination  supply  is  — SLOV, 
praser«ng  a  high  impedance  to  the  data  bus.  This  high  iiv 
pedarK#  reduces  temnination  power  and  preventi  lots  of 
low  state  noise  margin  when  aevcrmi  loads  share  the  bus. 


The  100328  is  designed  with  FAST*  TTL  output  buffers, 
featuring  optimal  DC  dra#e  and  capable  of  quickly  cherging 
and  discharging  highly  capaciiva  loads.  All  In^ts  have 
60  kn  puadown  realetDra. 

Features 

■  Identical  pertormanoe  to  the  100126  at  50%  of  the 
supply  current 

■  s-dlreotionai  trwwlatton 

■  2O0QV  ESO  protection 

■  Latched  outputs 

■  FAST*  TTL  outputs 

■  TRLSTATE*  outputs 

■  Voltage  comperteated  operating  range  * 

“4.2V  to  -6.7V 

■  Avaltabie  to  Industrial  grads  tamparature  range 

■  Avalabie  to  MiL-STD-883 
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00328  Low  Power  Octal  ECL/TTL  Bi-Directional  Translator  with  Latch 


Functional  Diagram 


IM«  LE.  DIR,  and  OE  UM  eCL  togio  iMto 


Detail 
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Absolute  Maximum  Ratings  (Not*  i) 

H  Military/ apacitlad  davtOM  ara  raqgirad, 

plaata  oontKt  tha  NaticnM  Samleonductor  Salas 

Offiaa/Diaarlbuiora  lor  availabiity  and  spadTitiatians. 
Stora^a  Tamparatiiri  C^stg)  -e^C  to  +160^ 

Maxinnum  Junctton  Tamparatura  (Tj) 

Carmfic  +176*C 

PUstic  +150*0 

Ves  Pin  Potantfal  to 

(koundPin  -TDVto+O^V 


(koundPin  -TDVto+O^V 

Vjji  Pin  Potantial  to 

Ground  Pin  -0^VtD+8.0V 

Ea  inpjt  Voltaga  (DQ  Vee  to  +0^ 

EOL  Output  Curant 

(DC  Output  HK3H)  -50mA 

TTLinpatVolt^(Nota3)  -0SVto+6.QV 

TTL  InputCurrant  (Nota  3)  -30  mA  to  +6.0  mA 

Mo4b  ts/awoluia  maMfnum  fsanpi  era  tKM  wsAiaa  bayond  wtaei  tM  da- 
tna  be  damagM  or  txne  Mi  ueaejl  He  impared.  Rinolonai  eperifen 
inda  twee  oorxakini  b  not  Implad. 

NMa  a  ESO  tMdng  widorma  to  ML-8TT>^  U«l«d  aOift. 
liMaaBllhorvohageariioroLirront  Imliaeufflalartiopfotaal  Iraua. 


Voltaga  Appiiad  to  Output 
m  HIGH  Stats 
TRI-STATE  Output 
Currant  Appiiad  to  TTL 
Output  in  LOW  Stats  (Max) 
ESC  (Nota  2) 


“0.5V  to  +  5.6V 
Twica  tha  Ratad  Iol  (nnA) 

^20oav 


Recommended  Operating 
Conditions 

Caaa  Tamparatura  (Tc) 

Oommarcial  0*C  to  +  86*C 

IrxtoalriM  -40*Cte+e6*C 

Mlitaiy  -56*Cto+126*C 

ECL  Supply  V0lt^(VEE)  -5.7V  to -4.2V 

TTL  Supply  Voltaga  (Vtti)  +  4.6V  to  +  5SV 


Commercial  Version 

TTL*to-ECL  DC  Electrical  Characterlstice 

Vee  -  -4.2V  to  -5.7V.  Vcc  *  Vqca  *  QNO,  Tq  -  (7C  to  +«6*C,  Vm.  -  +4.6V  to  +6SV  (Note  4) 


Paramatsf 


Outout  HIGH  voltaga 


Output  LOW  Voltage 


Cutorr  voitags 


Output  HIGH  voitege 
Comer  Point  High 


Output  LOW  Vonaga 
Comer  Point  Low 


Input  HK3HVoltsga 


Input  LOW  Voltage 


input  NGN  Currant 


Breakdown  Teat 


Input  LOW  Currant 


Input  Clamp 
Diode  Voltage 


Vee  Supply  Current 


Vw  -  V|H(M«c)«'V|Lflyfc> 
Loa(tngwith5oato-2V 


OE  or  DR  Low, 

VW  *  VtH(Majt)0*’V|L<M*«)» 
Loadtogwitnsonto  -2V 


VW  "  V}H(Mli)OrV|LS(li30 
Loadtog  with  500  to  -2V 


5.0 

0.8 

Over  Vm.V6E.Tc  Range 


Over  Vm.  Vee.  Tc  Rang# 


70  pA  Vs*  -  +2.7V 


Vs4  -  +6.6V 


_ I  pA  I  Vsi  -  +0.6V _ 


^  l,N--iamA 


LE  LOW.  OE  and  DR  High 
toputsOpen 

-75  mA  Vee  - -4.2Vto -4SV 

-75  Vee  -  -4.2V to -5.7V 


NdW  4e  T!«  wedfied  Imrti  repreMnl  the '>eOrel  one*  v«Me  tar  t«  pwwnetw.  Skwe  theM  tWuee  nenrwy  occur  at  tne  twnperetue  eRtremee.  addWonaJ  none 
tammtar  and  fm^mntang  can  be  eetaMd  by  deoreeSng  the  siewnWle  traem  operaflng  rangee.  ConcMena  Mr  teadne  shown  In  tha  tsUea  are  oheeen  to 
yuBieitaa  oparaion  umtar  ’>Boral  ooM"  condtiona 


ioH-  “3mA,Vr7t-4,50V 


lot-  24  mA,  Vm-  4.50V 


Input  UOW  Current 


TRI-STATE  Current 
Output  rtgh _ 

TRI-STATE  Current 
Output  Low _ 

Output  Short-Circui 
Current 


VjTL  Supply  Current 


DIP  TTL-to-ECL  AC  □ectrical  Characteristics 

VSE  -  -4^  to  “6.7V,  Ym  -  +4-5V  ^  Vcc  *  VqCA  "  QND  (Note) 


V»j-VtL(Min) _ 


vcx;r* 

vot/r-  +S-SV 

Voi;r-0.0V,VTTL-  +5-5V 


TTL  Outputs  LOW 
TU  Outputs  HIGH 
TU.  Outputs  in  TRI-STATE 


Tc 

-crc 

Tc- 

25*C 

Tc- 

6S*C 

UnMe 

f^IrwIIOTT 

Mn 

Max 

Hm 

Max 

wn 

Hex 

TNtOE„ 

(Tnniparent) 

1.1 

3.5 

1.1 

3.6 

1.1 

aa 

ne 

ne 

LEtoEn 

1.7 

a6 

1.7 

3.7 

1  1-9 

as 

ns 

ns 

OEtoEn 
(Cutoff  to  High) 

1,3 

4,2 

1.5 

4.4 

1.7 

4.6 

ne 

OEtoEn 

(HtahteCutoH) 

1,6 

4,5 

1.6 

4,6 

1.6 

4.6 

ns 

OtRtoEn 

(High  to  Cutoff) 

1.6 

4.3 

1.6 

4.3 

1.7 

4.5 

ns 

TntOLE 

1.1 

1.1 

1.1 

ns 

TntOLE 

1,1 

1.1 

1.1 

ns 

Pulse  Width  L£ 

Z1 

2.1 

2.1 

ns 

TnnstlQn  Time 

20%  to  60%,  a0%  to  20% 

0,6 

1.6 

0.6 

1.6 

0.6 

1.6 

ns 

Con<«tlone 

FfgurmlS^ 
Ffgurm  1A2 
Figurm  1A2 
FigurmlA2 

Ffgurm  tA2 

Figurm  1A2 
Ffgurm  tA2 
FfgurmtA2 

F9gurmtA2 


N«tKTt»«MtfSid  'wjW‘'  mm  »■  tm  jwwrtnf  atw  vWuo  wmaty  ooaur  m  tawnaamiiwi  — .  adcMarmf  note 

bmw^  ind  guaM^rv  om  M  teteert  br  dscrwene  te  UoiMte  irtem  oe<rte>e  rmnorn.  Conmom  lor  Mng  tewn  in  tie  tten  te  cho^n  tt 


r 


iOTei88SA/LA 

CMOS  STATIC  RAM  18K  (4K  X  4-BIT)  MtUTARY  AND  COMMERaAL  TEMPERATURE  RANGES 


AC  ELECTRICAL  CHARACTERISTICS  (CONTINUED)  (Vcc  -  5.0V ±  10%,  All  Temperature  Ranges) 


Paranwter 

6168SA35 

6168LA35 

6168SA45<S 

6168LA4S» 

6168SA550 

6168LA55» 

S168SA70« 

8168LA70® 

Min. 

Max 

Min.  Max 

Min. 

Max. 

Min. 

Max 

Write  Cycle 

twc 

Write  Cycle  Tim© 

30 

— 

40 

— 

50 

— 

80 

— 

tew 

Chip  Seteetto  End-of-Wrle 

30 

— 

40 

— 

50 

— 

60 

— 

Ba 

tAW 

Address  Vald  to  End-of-Wrtte 

30 

— 

40 

— 

50 

— 

60 

— 

ns 

tAS 

Address  Set-up  Time 

0 

— 

0 

— 

0 

— 

0 

— 

tWP 

Write  Pulse  Width 

30 

— 

40 

— 

50 

— 

60 

— 

ns 

tWR 

Write  Recovery  Time 

0 

— 

0 

— 

0 

— 

wm 

— 

ns 

tow 

OataValid  to  End-of-Write 

15 

— 

20 

— 

20 

— 

25 

— 

ns 

tOH 

Data  Hold  Tim© 

0 

— 

3 

— 

3 

*— 

3 

— 

tWHZ® 

Write  Enable  to  OutpU  in  High-Z 

— 

13 

— 

20 

— 

25 

30 

ns 

tow^^ 

Output  Active  from  End-of-Write 

0 

— 

0 

— 

0 

— 

0 

— 

■a 

NOTES:  30B0ibii5 

1 .  (X*  to  tomperature  range  only. 

2.  -55‘t:  to  't-l  25‘'C  temperature  range  only.  Also  avaiable  85ns  and  100ns  devices. 

3.  This  ptfameter  b  gua'antaed  with  the  AC  Load  (Figure  2)  by  devica  characterization,  but »  not  production  tested. 


TIMING  WAVEFORM  OF  WRITE  CYCLE  NO.  1  CONTROLLED  TIMING)^^' 


^  . -  twc  - ^ 

ADDRESS  ) 

3 

k _ 

i 

m 

-.-tAS 

^  tWP  — - 

-e  iwfP^— ©pj 

WE 

- i 

_ 

_ 7 

L 

- tWHZ®  — 

- -  tow® - mA  —A 

tcttfl 

r 

^  A  T  A  rr 

/ _ 

_ _ _ _  .^(41  N _ 

t  data  > 

L 

— \  KKtVIUUb  UAIA  VAUU'  - 

^  VALID®  J 

I 

r\ATA  ... 

low 

f  HATA 

1 DH  , 

\/Ai  in  ^ 

L 

t  UM  1 M 

1  3Qe0drw« 
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IDT616SSA/LA 

CMOS  STATIC  RAM  18K  (4K  X  4^T) 


MIUTARY  AND  COMMERCIAL  TEMPERATURE  RANGES 


TIMING  WAVEFORM  OF  WRITE  CYCLE  NO.  2  CONTROLLED  TIMING)^^'^ 


NOTES: 

1.  OT  or  ^  must  be  HIGH  during  all  address  ransWons.  _ 

2.  A  write  occurs  during  the  overtap  of  a  LOW  CS  and  a  LOW  WE. 

3.  twR  Is  measured  from  the  earler  of  S  or  WE  going  HIGH  » the  end  of  the  write  cycle. 

4.  Duri^qtfils  period,  the  I/O  pins  are  In  the  output  state  and  input  signals  should  not  be  appied. 

5.  If  the  CS  LOW  transition  occurs  simultaneously  with  or  after  the  WE  LOW  transition,  the  outputs  remain  In  the  high  impedance  state. 

6.  Transition  is  measured  ±200mV  from  steady  state. 


ORDERING  INFORMATION 


IDT  6168  XX  XXX  XX 


X 


Device 

Type 


Blank 

B 


P 

D 

L 

SO 

E 


15 

20 

25 

35 

45 

55 

70 

85 

100 


SA 

LA 


Commercial  to  +70^C) 

MUltary  (-55®C  to +125^C) 

Compliant  to  MIL-STD-883,  Class  B 

300mil  Plastic  DIP  (P20-1) 

300mll  Ceramic  DIP  (D20-1) 

Leadess  Chip  Carrier  (L20-1) 

300mil  Small  Outine  1C,  Gull  Wing  (S020-2) 
300mil  CERPACK  (E20-1) 


MUkary  Only 
Military  On^ 
NHIkary  On^ 
Military  Ony 
Military  On^ 


y  Speed  in  narioseconds 


Standard  Power 
Low  Power 

aOMdnvIl 
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IDT6168SA/LA 

CMOS  STATIC  RAM  16K  (4K  X  4-BIT) 


MILITARY  AND  COMMEROAL  TEMPERATURE  RANGES 


AC  ELECTRICAL  CHARACTERISTICS  (Vcc  -  5.0V  ±  10%,  All  Temperature  Ranges) 


Symbol 

Parameter 

6168SA15 

6168SA20/2S 

6168LA2(V25 

Unit 

Min.  Max. 

Mbl.  Max. 

Read  Cycle 

tRC 

Read  Cycle  Time 

15 

— 

20/25 

— 

ns 

tAA 

Address  Access  Time 

— 

15 

— 

20/25 

ns 

tACS 

Chip  Select  Access  Time 

— 

15 

— 

20/25 

ns 

tCLZ<2) 

Chip  Select  to  Output  in  Low-Z 

3 

— 

5 

— 

ns 

tCH2<*' 

Ctiip  Deselect  to  Output  In  HIgh-Z 

8 

— 

10 

ns 

tOH 

Output  Hold  from  Address  Change 

MM 

— 

3 

— 

ns 

tPU® 

Chip  Select  to  Power-Up  Time 

0 

— 

0 

— 

ns 

Chip  Desetecl  to  Power-Down  Time 

15 

— 

20/25 

ns 

3080  dmIZ 


AC  ELECTRICAL  CHARACTERISTICS  (CONTINUED)  (Vcc  -  5.0V ±  10%,  All  Temperature  Ranges) 


Symbol 

Parameter 

616SSA35 

8168LA35 

ei66SA45<^ 

616aLA45rO 

61G8SASSn> 

eiesLASsn 

6168SA70n> 

B168LA70n> 

Unit 

Min.  Max 

Min.  Max. 

Min. 

Max. 

Mki.  Max 

Read  Cycle 

tRC 

Read  Cycle  Tine 

35 

— 

45 

— 

55 

— 

70 

— 

ns 

tAA 

Address  Access  Time 

— 

35 

— 

45 

— 

55 

— 

70 

ns 

tACS 

Chip  Select  Access  Time 

— 

35 

— 

45 

— 

55 

— 

70 

ns 

Chip  Select  to  Output  in  Lxiw-Z 

5 

— 

5 

— 

5 

— 

5 

— 

ns 

tCHZ® 

Chip  Deselect  to  Output  In  High-Z 

15 

— 

25 

— 

25 

•— 

30 

ns 

tOH 

Output  Hold  from  Address  Change 

3 

— 

3 

— 

3 

— 

3 

— 

ns 

IPU(2) 

Chip  Select  to  Power-Up  Time 

0 

— 

0 

— 

0 

— 

0 

— 

ns 

lPO{« 

Chip  Deselect  to  Power-Down  Time 

— 

35 

— 

40 

— 

50 

— 

60 

ns 

NOTES:  3080  W 13 

1.  -S5°C  to  .r12S°C  tampcratijra  ran^  only.  Also  avallablo  aSns  and  lOOns  davIcM. 

2.  Thisparamacaris  guaransedviMiACTastload  (Figura2)bydovic«charactarizadon.  bulls  not  production  tastad. 


TIMING  WAVEFORM  OF  READ  CYCLE  NO. 
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IOT616SSA/LA 

CMOS  STATIC  RAM  16K  (4K  X  4-BIT) 


MIUTARY  AND  COMMERCIAL  TEMPERATURE  RANGES 


TIMING  WAVEFORM  OF  READ  CYCLE  NO. 

L»- - - -  IRC 


DATAout 


Vcc  SUPPLY 
CURRENT 


ICC 


ISB 


[-»—  tPU— ► 

—  tPD  — ► 

1 

1  i 

30«0dr«08 


NOTES: 

1.  HIGH  ta- Read  cycle. 

2.  CSI»  LOW  for  Read  cycle. 

3.  Device  is  condnuously  selecnd,  CS  Is  LOW. 

3.  Address  vald  prior  to  or  coincident  vWiCSransItlon  LOW. 

4.  Transitloo  is  measured  i200roV  from  steady  state. 


AC  ELECTRICAL  CHARACTERISTICS  (Vcc  -  5.0V  ±  10%.  All  Temperature  Ranges) 


6168SA15 

6168SA20/25 

6168LA20/2S 

Symbol 

Parametor 

Min. 

Max. 

Min. 

Max. 

Unit 

WrftoO 

w:la 

twc 

Write  Cycle  Time 

15 

— 

20 

— 

ns 

tew 

CNp  Select  to  End-oT-Write 

15 

— 

20 

— 

ns 

lAW 

Address  Vald  to  End-of- Write 

IS 

— 

20 

— 

ns 

tAS 

Address  Set-up  Time 

0 

— 

0 

— 

ns 

tWP 

Write  Pulse  Width 

15 

— 

20 

— 

■la 

tWR 

Write  Recovery  Time 

0 

— 

0 

— 

US 

tow 

Data  Vaid  to  Eitd-cT-Write 

9 

— 

10 

— 

ns 

tOH 

Data  Hold  Time 

0 

—  ' 

0 

— 

ns 

tWH2^3) 

Write  Enabte  to  OutpU  to  Hlfi^i-Z 

— 

6 

— 

7 

ns 

towO> 

Output  Active  from  End-cf- Write 

0 

— 

0 

— 

ns 

30g0lbl14 

5^ 
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IOT61685A/LA 

CMOS  STATIC  RAM  16K  (4K  X  4-BIT) 


MIUTARY  AND  COMMERCIAL  TEMPERATURE  RANGES 


DATA  RETENTION  CHARACTERISTICS  (LA  Version  Only) 

Vlc.0,2V,  Vhc.Vcc-0.2V 


Symbol 

Parameter 

Vdr 

vcc  for  Data  Retention 

ICCOR 

Data  Retention  Current 

lCOR<*> 

Chip  Deselect  to  Data 
Retention  Time 

tR(« 

Operation  Recovery  Time 

Tdst  Condition 


CS^Vhc 
VlN  ^  Vhc 
or  S  Vlc 


NOTES: 

1.  Ta«+25‘C. 

2.  atVcc«2V 

3.  atVcc  =3V 

4.  wc  ■  Read  Cycb  Time, 

5.  This  parameter  is  guaranteed  by  device  characterization,  but  Is  not  production  tested. 


IDT6168LA 
Typ.'” 


ns 


3OB0tbl10 


LOW  Vcc  DATA  RETENTION  WAVEFORM 

DATA 


AC  TEST  CONDITIONS 


FIgur*  1.  AC  TMt  Load  Flgurt  Z.  AC  Tast  Load 

(for  feta,  tCLZ,  twta  and  tow) 

‘Includas  scop*  and  Jg  eapadtancas 


10761 6SSA/LA 

CMOS  STATIC  RAM  16K  (4K  X  4-BIT) 


MILITARY  AND  COMMERaAL  TEMPERATURE  RANGES 


DC  ELECTRICAL  CHARACTERISTICS<’> 

(VCC  -  5.0V  ±  10%,  VLC  -  0.2V,  VhC  -  VCC  -  0.2V) 


■ 

Parameter 

Power 

6168SA20 
6168  LA20 

Unit 

Com'l. 

Coml. 

Mil. 

Icci 

derating  Power  Supply  Current 

CS  S  ViL  Outputs  O^a 

Vcc  ■  Max.,  f  -  0P> 

SA 

110 

90 

100 

mA 

LA 

— 

70 

80 

ICC2 

Dynamic  Operating  Currant 

CS  i  Viu  Outputs  Open, 

Vcc  »  Max.,  f  ■ 

SA 

145 

155 

120 

120 

mA 

LA 

— 

— 

100 

110 

iSB 

Standby  Power  Supply  Current 
(TTL  Level) 

CS  ^  ViH,  Vcc  «  Max,, 

Outputs  Open,  f  ■  fMAX^^ 

SA 

55 

60 

45 

45 

mA 

LA 

H 

■ 

30 

35 

ISBI 

Full  Standby  Power  Supply  Curreit 
(CMOS  LeveO 

C5  i  Vhc,  Vcc  ■  Max., 

ViN  s  Vhc  or  Vin  ^  Vlc.  f  ■  0® 

SA 

20 

20 

im 

20 

mA 

LA 

■ 

lll^^ 

■ 

30Mttal07 


DC  ELECTRICAL  CHARACTERISTICS  (CONTINUED)*^) 
(Vcc  -  5.0V  ±  10%,  Vlc  -  0.2V,  VHC  -  VCC  -  0.2V) 


Symbol 

Parameter 

Power 

6168SA2S 

6168LA25 

6168SA35 

6168LA3S 

6168SA45/55 

6168LA45^S 

6168SA70® 

6168LA70® 

Unit 

CofnT. 

Ml. 

Com'L 

Mil. 

Com1. 

Mi. 

ComT. 

ICC1 

Operating  Power  Supply  Cuirent 

CS  i  ViL.  Outputs  Open, 

Vcc  -  Max.,  f  ■ 

SA 

90 

100 

90 

100 

— 

100 

— 

imi 

mA 

LA 

70 

80 

70 

80 

— 

— 

o 

ICC2 

Dynamic  Operating  Current 

CS  ^  ViL,  Outputs  Open, 

Vcc  ■  Max.,  f  ■  fMAX^^ 

SA 

110 

120 

mm 

110 

— 

— 

mA 

LA 

90 

100 

Bi 

90 

— 

80 

— 

80 

iSB 

Standby  Power  Supply  Current 
fTTL  LeveO 

^  ViH,  Vcc  «  Max,, 

Outputs  Open,  f  *  fWOfP> 

SA 

35 

45 

30 

35 

— 

35 

— 

35 

mA 

LA 

25 

30 

20 

25 

— 

25/20 

■ 

20 

ISBI 

Full  Standby  Power  Supply  Current 
(CMOS  LeveO 

CS  2  Vhc,  Vcc  =  Max., 

ViN  ^  Vhc  or  Vin  s  Vlc,  f  -  00> 

SA 

3 

10 

3 

10 

— 

10 

H 

10 

mA 

LA 

mn^ 

NOTES:  3090ifaioa 

1 .  Al  vaiuds  are  maxlmuni  guaranceed  vaJuas. 

2.  Also  avaiabtedS  and  lOOnamiltarydovicaa. 

3.  fiMx  =  1/tRC,  only  address  inputs  are  eyeing  ai  fiyux.  f  =  0  maans  no  address  inputs  are  changing. 


DC  ELECTRICAL  CHARACTERISTICS  Vcc  -  5.0V  ±  10% 


Symbol 

Parameter 

Test  Condition 

I0T6168SA 

IDT6168LA 

Unit 

Mn. 

Max. 

Mia 

Max. 

IlLlI 

input  Leakage  Current 

Vcc  ■  Max., 
ViN-GNDtoVcc 

MIL 

COM'L 

— 

— 

5 

2 

^A 

llLOl 

Output  Leakage  Current 

Vcc  >  Max.,  CS  -  Vih, 

VouT  ■  GND  to  Vcc 

MIL 

COM'L 

— 

10 

2 

— 

5 

2 

pA 

VOL 

Output  LOW  Voltage 

lOL  ■  lOtnA,  Vcc  ■  Min. 

— 

0.5 

— 

0.5 

■ 

loL  =  8mA,  Vcc  =  Min. 

— 

0.4 

— 

0.4 

VOH 

Output  HiGH  Voltage 

iOH  -  -4mA,  Vcc  -  Min. 

2.4 

— 

2.4 

— 

V 

3090tblOB 
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CMOS  STATIC  RAM 

IDT6168SA 

ii|^ 

16K  (4K  X  4-BIT) 

IDT6168LA 

blegriAed  Device  TecfanoloQT*  kc. 

FEATURES: 

•  High-speed  (equal  access  and  cycle  time) 

—  Military:  1 5/20/25/35/45/55/70/85/1  OOns  (max.) 

—  Commercial:  15/2Q/25/35ns  (max.) 

•  Low  power  consumption 

•  Battery  backup  operation— 2V  data  retention  voltage 
(IDT6168LA  only) 

•  Available  in  high-density  20-pin  ceramic  or  plastic  DIP,  20- 
pin  SOIC,  20- pin  CERP/\CK  and  20-pin  leadless  chip  carrier 

•  Produced  with  advanced  CMOS  high-performance 
technology 

•  CMOS  process  virtually  eliminates  alpha  particle  soft-error 
rates 

•  Bidirectional  data  input  and  output 

•  Military  product  compliant  to  MIL- STD-883,  Class  B 

DESCRIPTION: 

The  IOT6168  Is  a  16,3e4-bit  high-speed  static  RAM  orga¬ 
nized  as  4K  X  4.  It  Is  fabricated  using  lOTs  high-performance, 
high-reliability  CMOS  technology.  This  state-of-the-art  tech¬ 
nology,  combined  with  innovative  circuit  design  techniques, 


provides  a  cost-effective  approach  for  high-speed  memory 
applications. 

Access  times  as  fast  15ns  are  available.  The  circuit  also 
offers  a  reduced  power  standby  mode.  When CS goes  HIGH, 
the  circuit  will  automatically  go  to,  and  remain  in,  a  standby 
mode  as  long  asCS  remains  HIGH.  This  capability  provides 
significant  system-level  power  and  cooling  savings.  The  low- 
power  (LA)  version  also  offers  a  battery  backup  data  retention 
capability  where  the  circuit  typically  consumes  only  ItiW 
operating  off  a  2V  battery.  All  inputs  and  outputs  of  the 
IDT6168  are  TTL-compatible  and  operate  from  a  single  5V 
supply. 

The  IDT6168  Is  packaged  in  either  a  space  saving  20-pin. 
300-mil  ceramic  or  plastic  DIP,  20-pin  CERPACK,  20-pin 
SOIC,  or  20-pin  leadless  chip  carrier,  providing  high  board- 
level  packing  densities. 

Military  grade  product  Is  manufactured  In  compliance  with 
the  latest  revision  orMIL-STD-883,  Qass  B,  making  it  ideally 
suited  to  military  temperature  applications  demanding  the 
highest  level  of  performance  and  reliability. 
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IOT616aSA/LA 

CMOS  STATIC  RAM  16K  («  X  4-811) 


MUTARY  AND  COMMERCIAL  TEMPERATURE  RANGES 


PIN  CONFIGURATIONS 


DIP/SOIC/SOJ/CERPACK 
TOP  VIEW 


LCC 

TOP  VIEW 


PIN  DESCRIPTIONS 


Name 

Description 

A0-A11 

Address  Inputs 

Ss 

Chip  Select 

WE 

Write  Enable 

I/00-3 

Data  tnput/Output 

Vcc 

Power 

GND 

Ground 

SOQOtbJOl 


TRUTH  TABLED’* 


Mode 

WE 

Output 

Power 

Standby 

H 

X 

High-Z 

Standby 

Read 

L 

H 

Dour 

Active 

Write 

L 

L 

Din 

Active 

NOTE:  30«otbio3 

1.  H  =  Vh  L  =  VX,X  =  DontCaf« 


ABSOLUTE  MAXIMUM  RATINGS(^> 


Symbol 

Rating 

Com1. 

Ml. 

Unit 

Vterm 

Terminal  Voltage 
with  Respect 
to  GND 

-0.5  to  +7.0 

-0.5  to  +7.0 

V 

Ta 

Operating 

Temperature 

Olo  •*•70 

-55  to +125 

X 

Tbias 

Tenrperature 
Under  Bias 

-55  to  +125 

-65  to +135 

"C 

Tstq 

Stcxege 

Temperature 

-55  to +125 

-6Sto»150 

X 

PT 

Power  Dissipation 

1.0 

1.0 

w 

lour 

DC  Output 
Current 

50 

50 

mA 

NOTE:  ao90tbi04 

1.  Strdssds  greater  than  those  listed  under  ABSOLUTE  MAXIMUM 
RATINGS  may  cause  permanent  damage  to  the  device.  This  »  a  stress 
rating  only  and  functional  operation  of  the  device  at  these  or  any  other 
conditions  above  those  Indicated  in  the  operationaJ  sections  of  this 
specification  is  not  impled.  Exposure  to  absolute  maximum  rating 
conditions  for  exianded  periods  may  affect  relabity. 


RECOMMENDED  DC  OPERATING 
CONDITIONS 


Parameter 

Min. 

EBIl 

Max 

im 

Vcc 

Supply  Volage 

D 

GND 

Supply  Volage 

0 

0 

0 

ViH 

Input  High  Volage 

2.2 

— 

Dl 

VIL 

Input  Low  Voltage 

-0.5<'> 

— 

0.8 

V 

NOTE:  30BOIM06 

1.  VIL  (min.)  ■ -3.0V  tor  pube  width  toss  than  20n#,  once  per  eycte. 


CAPACITANCE  (Ta  =  +25“C,  F  =  1.OMH2) 


Symbol 

ParameteH^^ 

Condtions 

Max. 

Unit 

CiN 

Input  Capacitance 

VIN  -  ov 

7 

PF 

Oto 

I/O  Capacitance 

VOUT  -  ov 

7 

PF 

NOTE:  scsotbioz 

1.  This  parameter  is  determined  by  device  chdracteri2adon,  but  is  not 
production  tested. 


RECOMMENDED  OPERATING 
TEMPERATURE  AND  SUPPLY  VOLTAGE 


Grade 

GND 

vcc 

Military 

-55'’Cto+125°C 

ov 

5V±10% 

Commercial 

CyCto  +7(yC 

OV 

5V±10% 

aoootbloe 


2 


Fig.  4  Write  Mode  Timing 
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F10422 


F10422 


DC  Characteristics:  Vee  =  ”5.2  V,  Vcc  =  VccA  =  GND,  Ta  =  0°C  to  +75°C  unless  otherwise  specified^ 


Symbol 

Characteristic 

Min 

Unit 

Condition 

IlH 

Input  HIGH  Current 

ViN  =  ViH(max) 

IlL 

Input  LOW  Current,  BS0-BS3 
WE,  Ao- At,  Do- D3 

0.5 

-50 

mA 

VlN  =  ViL(min) 

lEE 

Power  Supply  Current 

ISi 

-180 

mA 

Ail  Inputs  and  Outputs  Open 

AC  Characteristics:  Vee  =  -5.2  V  ±5%.  Vcc  =Vcca  =  GND,  Output  Load  =  50  O  and  30  pF  to  -2.0  V, 
Ta  =  0°C  to  +75"C 


Symbol 

Characteristic 

Min 

Unit 

Condition 

Read  Timing 

■■ 

tABS 

Bit  Select  Access  Time 

3.0 

5.0 

tRBS 

Bit  Select  Recovery  Time 

3.0 

5.0 

■■ 

Figures  3a,  3b 

tAA 

Address  Access  Time2 

7.0 

10 

ns 

Write  Timing 

tw 

Write  Pulse  Width 

7.0 

5.0 

ns 

to  Guarantee  Writing 

twSA  =  1  ns 

Measured  at 

tWSD 

Data  Setup  Time 

1.0 

0 

ns 

Figure  4 

50%  of  Input  to 

prior  to  Write 

Valid  Output 

tWHD 

Data  Hold  Time  after  Write 

2.0 

0 

ns 

(VlL(max)  for 

tWSA 

Address  Setup  Time 

1.0 

0 

ns 

Vol  or  ViH(min) 

prior  to  Write 

for  VoH ) 

tWHA 

Address  Hold  Time  after  Write 

2.0^ 

0 

ns 

tWSBS 

Bit  Select  Setup  Time 

1.0 

0 

ns 

prior  to  Write 

tw  =  7  ns 

tWHBS 

Bit  Select  Hold  Time 

2.0 

!  0 

ns 

Figure  4 

after  Write 

tws 

Write  Disable  Time 

3.0 

5.0 

ns 

tWR 

Write  Recovery  Time 

6.0 

12 

ns 

tr 

Output  Rise  Time 

3.0 

mmm 

!  Measured  between  20%  and 

tf 

Output  Fall  Time 

3.0 

■■ 

80%  or  80%  and  20%,  Figure  2 

CiN 

Input  Pin  Capacitance 

4.0 

5.0 

1 

pF 

Measured  with  a  Pulse 

COUT 

Output  Pin  Capacitance 

7.0 

8.0 

pF 

Technique 

1  See  Family  Characteristics  for  other  dc  specifications 

2  The  maximum  address  access  tinr>e  is  guaranteed  to  be  the  worst  case  bit  m  the  memory  using  a  pseudorandom  testing  pattern 


F10422 


Logic  Diagram 


As  Ag  A7 

Functional  Description 

The  F10422  is  a  fully  decoded  1024-bit  read/write 
random  access  memory,  organized  256  words  by  four 
bits.  Word  selection  is  achieved  by  means  of  an  S-bit 
address,  Ao  through  A?. 

Four  Bit  Select  inputs  are  provided  for  logic  flexibility. 

For  larger  memories,  the  fast  bit  select  access  time 
permits  the  decoding  of  individual  bit  selects  from  the 
address  without  increasing  address  access  time. 

The  read  and  write  operations  are  controlled  by  the  state 
of  the  active-LOW  Write  Enable  (WE)  input.  With  WE 
held  LOW  and  the  bit  selected,  the  data  at  Do  "  D3  is  written 
into  the  addressed  location.  Since  the  write  function  is 

level  triggered,  data  must  be  held  stable  for  at  least  _ 

twSD(m,n)  plus  tw(min)  to  insure  a  valid  write.  To  read,  WE 
is  held  HIGH  and  the  bit  selected.  Non-inverted  data  is 
then  presented  at  the  output  (O). 


The  outputs  of  the  FI 0422  are  unterminated  emitt 
followers,  which  allow  maximum  flexibility  in  choc 
output  connection  configurations.  In  many  applici 
it  is  desirable  to  tie  the  outputs  of  several  FI 0422 
devices  together  to  allow  easy  expansion.  In  other 
applications  the  wired-OR  need  not  be  used.  In  ei 
case  an  external  50  n  pull-down  resistor  to  -2  V  o 
equivalent  network  must  be  used  to  provide  a  LO\ 
the  output. 


Truth  Table 


Inputs 

Outputs 

Mn 

Bi; 

wr 

Dn 

On 

H 

X 

X 

L  ! 

Not  Sc 

L 

L 

L 

L 

Write  ‘ 

L 

L 

H 

L 

Write  ' 

L 

H 

i 

Data 

Read 

Each  bit  has  independent  BS  D,  and  0,  but  all  have  common  WE 
L  =  LOW  Voltage  Levels  =  -1  7  V  (Nominal) 

H  =  HIGH  Voltage  Levels  =  -0  9  V  (Nominal) 

X  =  Don't  Care 

Data  =  Previously  stored  data 


4-32 


F10422 

256  X  4-Blt  Static 
Random  Access  Memory 

F10K  ECL  Product 


Description 

The  F10422  is  a  1024-bit  read/write  Random  Access 
Memory  (RAM),  organized  256  words  by  four  bits  per 
word.  It  is  designed  for  high-speed  scratchpad,  control 
and  buffer  storage  applications.  The  device  includes  full 
on-chip  address  decoding,  separate  Data  input  and 
non-inverting  Data  output  lines,  as  well  as  fou/ 
active-LOW  Bit  Select  lines. 


Address  Access  Time- 10  ns  Max 

Bit  Select  Access  Time-5,0  ns  Max 

Four  Bits  Can  be  Independently  Selected 

Open-emitter  Outputs  for  Easy  Memory  Expansion 

Power  Dissipation -0.92  mW/BIt  Typ 

Power  Dissipation  Decreases  with  Increasing 

Temperature 


Pin  Names 

wT _ 

BSo- BSa 
Ao- A? 

Do-  D3 
Oo“  O3 


Write  Enable  Input  (Active  LOW* 
Bit  Select  Inputs  'Active  LOW^ 
Address  Inputs 
Data  Inputs 
Data  Outputs 


Logic  Symbol 

3  5  20  22  8  6  7  18  19 


A..1  i  i  i 

BSo  BSi  BS2  BS3  we  Do  D2  O3 

13  - 

Ao 

14  - 

Ai 

15  - 

A2 

16  - 

A3  ' 

17 - 

F10422 

A4 

9  - 

As 

10  - 

As 

11  - 

A? 

Oo  Oi  O2  O3 

2  4  21  23 


Vcc  —  2^1 

VcCA  =  Pin  1 
Vee  =  Pin  12 


Connection  Diagrams 
24-Pin  DIP  (Top  View) 


The  24-pin  flatpak  version  has  the  same  pinout  connections  as  the 
Dual  to-Line  package 


Ordering  Information  {See  Section  5i 


Package 

Outline 

Order  Code 

Ceramic  DIP 

6Y 

DC 

Flatpak 

4V 

FC 
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VS12G422T 


Connection  Diagram  (22-pin  dip  -  Top  View) 


A3C: 

"i  ^  22 

2  21 

A  1  C 

3  20 

^  0  d 

4  Q  19 

>»5l= 

5  1  18 

6  §  17 

7  ^  16 

GND  C 

8  15 

Do(Z 

9  14 

OoC 

10  13 

D,C 

11  12 

□  Vqc 

□  ^ 

□  cs, 

□  oF 

□  CS2 

303 

□  Dj 

□  02 
3D2 
□  O, 


Pin  Description 


Pin0 

Name 

I/O 

Description 

1-7.  21 

^0  '  ^7 

1 

Address  inputs 

9,  11.  13,  15 

1 

Data  Inputs 

19 

i 

Chip  select  input  (Active  LOW) 

10,  12,  14,  16 

0 

0 

0 

Data  outputs 

17 

CSr 

1 

Chip  select  input  (Active  HIGH). 

20 

WB 

1 

Write  enable  input  (Active  LOW) 

18 

OE 

1 

Output  enable  input  (Active  LOW) 

22 

^CC 

5.0  V  supply  connection 

8 

GND 

z 

Ground  connection  (0  V) 

VITESSE 
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kC  Test  l-oading  Condition 

The  following  conditions  apply  to  the  AC  penormanc« 
inHicated  on  pages  4-3  and  4-4. 


i 


P^^or^ance  CaraCans,,.-  In.ca.ad  on  pagaa  4-3 


and  4-4. 


Address  Designators 


Address 

Name 

Address 

Function 

PlnNi 
22-pin  DIP 

imber 

28-pin  LCD 

AXq 

4 

21 

0 

A, 

AX, 

3 

20 

1 

A, 

AX2 

2 

19 

2 

A, 

AX- 

1 

i 

3 

A, 

AX, 

21 

16 

4 

A 

^'*'5 

5 

22 

'^5 

A^ 

AYg 

6 

23 

6 

AY, 

J - ^ - 

7 

24 
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VS12G422T 


AC  Performance  Characteristics  -  continued 

(Over  guaranteed  operating  conditions,  GND  =  0  V) 


2.  Write  Mode: 


6  ns 

5  ns 

4ns 

Paramters 

Description 

Min 

Max 

Min 

Max 

Min 

Max 

Units 

Write  cycle  time 

6 

— 

5 

— 

4 

— 

ns 

t 

*zws 

Write  disable  to  HIGH  2 

— 

5 

— 

4 

— 

3.5 

ns 

Write  recovery  time 

— 

IB 

— 

3.5 

— 

3 

ns 

t 

'w 

Write  pulse  width 

4 

— 

3 

— 

2.5 

— 

1 

i  ns 

^WSD 

Data  setup  time  prior  to  write 

0 

— 

0 

— 

0 

— 

i  '  ns 

1 - ^ - 

^WHD 

Data  hold  time  after  write 

2 

— 

2 

— 

S 

— 

ns 

t  dl 

*VVS4 

Address  setup  time 

0 

— 

0 

— 

D 

— 

ns 

^WHA 

Address  hold  time 

2 

— 

2 

1.5 

— 

ns 

^WSCS 

Chip  select  setup  time 

0 

— 

0 

— 

0 

— 

ns 

^WHCS 

Chip  select  hold  time 

2 

— 

2 

— 

1.5 

— 

ns 

Notes:  1 )  Test  conditions  sssume  signal  transition  times  of  3  ns  or  less.  Timing  reference  levels  of  1.5  V  and  output  loading 
of  the  specified  30  pF  load  capacitance  as  in  figure  1  on  page  4-5 

2)  Transition  is  measured  at  steady  state  HIGH  level  -250  mV  or  steady  state  LOW  level  +250  rnV  on  the  output 
from  1.5  V  level  on  the  input  with  load  shown  in  figure  l  on  page  4-5 

3)  measured  at  =  min;  measured  at  =  min 
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AC  Performance  Characteristics 

(Over  guaranteed  operating  conditions,  GND  ^  OV) 

1.  Read  Mode: 


Parameters 

Description 

6  ns 

5  ns 

4  ns 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Uc 

Read  cycle  time 

6 

—  j 

5 

4 

ns 

fACS 

Chip  select  time 

— 

B 

— 

3.5 

2.5 

ns 

Chip  select  to  HIGH  2 

— 

B 

— 

4 

3.5 

ns 

fACS 

Output  enable  time 

— 

B 

— 

3.5 

2.5 

ns 

t 

'ZROS 

Output  enable  to  HIGH  Z 

— 

5 

— 

4 

3.5 

ns 

(aa 

Address  access  time 

— 

6 

— 

5 

4 

ns 

Notes:  1)  Test  conditions  assume  signal  transition  times  of  3  ns  or  less.  Timing  reference  levels  of  1.5  V  and  output  loading 
of  the  specified  and  30  pF  load  capadtance  as  in  figure  1  on  page  4-5 

2)  Transition  is  measured  at  steady  state  HIGH  level  -250  mV  or  steady  state  LOW  level  +250  mV  on  the  output 
from  1.5  V  level  on  the  input  wi^  load  shown  in  figure  1  on  page  4-5 
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Truth  Table 


H  -  HIGH  Voltage  Level  (2.4  V)  X  =  Don't  Care  (HIGH  or  LOW) 

L  =  LOW  Voltage  Level  (0.4  V)  HIGH  Z  =  High-Impedence 


Absolute  Maximum  Ratings 

Power  Supply  Voltage  (V^^) . 

Input  Voltage  Applied,  (V^^) . 

Input  Current,  (IJ.  (DC,  output  LOW) . 

Output  Current,  (Iq^it).  (DC,  output  LOW) . 

Maximum  Junction  Temperature,  (T.) . 

Case  Temperature  Under  Bias,  (T^) . 

Storage  Temperature^^^,  (T^^q) . 


-0.5  V  to  +6.0  V 
.-1 ,0  V  to  +7.0  V 
...-30  to  +30  mA 

. 20  mA 

. 150°C 

..-55°  to  +125°C 
..-65°  to  +150°C 


Recommended  Operating  Conditions 

Power  Supply  Voltage,  (V^) . 

Operating  Temperature  Range  ® . 


,4.75  to  5.25  V 
. 0°  to  +70° C 


extended  periods  may  affect  device  reliability. 

(2)  Both  lower  and  upper  limits  of  specification  are  case  temperatures. 


VITESSE 
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VS12G422T 

256  X  4  Static  RAM 


Features 

♦  256  words  by  4-bit  static  RAM  for  cache  and 
control  store  applications 

♦  Very  fast:  Choice  of  4,  5,  and  6  ns  maximum 
address  access  times 

♦  TTL  compatible  inputs  and  outputs 

♦  Single  +5.0  Volt  power  supply 


•  Very  low  sensitivity  to  radiation 

♦  Standard  22-pin  DIP 

•  Fully  static  operation  -  equal  access  and 
cycle  times 

♦  Pin  compatible  with  standard  silicon  -422 
and  -122  products 


Functional  Description 

The  Vitesse  VS12G422T  is  a  very  high 
speed,  fully  decoded  1024-bit  read  write  static 
random  access  memory  organized  as  256 
words  by  4  bits.  All  inputs  and  outputs  of  this 
RAM  is  TTL  compatible  and  operation  is  from  a 
standard  +5.0  Volt  power  supply. 

Fully  static  asynchronous  internal  circuits 
are  used,  which  require  no  clocks  or  refreshing 
for  operation.  Memory  expansion  is  provided 
by  an  active  LOW  chip  select  input  (C5,),  an 
active  HIGH  chip  select  input  (CS,)  and  three- 
state  outputs.  Due  to  its  static  operation,  the 
VS12G422T  offers  equal  read  and  write  cycle 
times,  which  further  simplifies  system  design. 


This  RAM  is  packaged  in  a  standard  22-pin 
DIP.  Refer  to  Section  6,  “Packaging"  for  a 
complete  description  of  this  package. 

The  high  speed  and  standard  pinout  of  the 
VS12G422Tmakes  it  ideal  for  both  existing  and 
new  designs  in  cache  memory,  signal  proces¬ 
sing.  and  video  applications  where  access  time 
is  the  critical  parameter.  The  low  sensitvity  to 
radiation  of  this  product  makes  it  highly  suitable 
for  aerospace  applications  where  high  radiation 
tolerance  is  necessary.  The  VS12G422T  is 
fabricated  in  gallium  arsenide  using  the  Vitesse 
H-GaAs™  E/DMESFET  process  which 
achieves  high  speed  and  low  power  dissipation. 


Block  Diagram 


As  As  A7 
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HS-65647RH 


Packaging 


K36.A 

3e  LEAD  CERAMIC  METAL  SEAL  FLATPACK  PACKAGE 


INCHES 

MILUMETERS 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

- 

0.138 

■ 

3.51 

• 

b 

0.006 

0.013 

0.15 

0.33 

- 

b1 

0.006 

0.010 

0.15 

0.25 

• 

c 

0.004 

0.011 

0.10 

0.28 

- 

cl 

0.004 

0.008 

0,10 

0.20 

0.620 

0.640 

15.75 

1626 

E 

0.820 

0.640 

15.75 

8.64 

’ 

El 

- 

0.660 

- 

18.76 

3 

E2 

0.470 

0.490 

11.94 

12.45 

■ 

E3 

0.030 

- 

0.76 

- 

7 

e 

0.02S  BSC 

0.64  BSC 

- 

k 

- 

- 

- 

- 

- 

L 

0.240 

0.280 

6.10 

7.11 

■ 

Q 

0.026 

0.045 

0.66 

1.14 

a 

SI 

- 

- 

- 

- 

- 

M 

- 

0.0015 

- 

0.04 

- 

N 

36 

36 

NOTES: 

1.  IrxJex  area:  A  notch  or  a  pin  one  Identification  mark  shaltM  locat¬ 
ed  adjacent  to  pin  one  and  ahail  be  located  within  the  shaded 
area  shown.  The  manufacturer's  idemification  shall  not  be  used 
as  a  pin  one  idertitication  mark.  Afeernately,  a  tab  (dimension  k) 
may  be  used  to  identify  pin  one. 

2.  If  a  pin  one  identiflcatlon  mark  is  used  In  addhion  io  a  tab,  the  Inv 
Its  of  dimension  k  do  not  apply. 

3.  This  dirnension  allows  far  off-center  Id,  meniscus,  and  glass 
overrun. 

4.  Dimensions  b1  and  c1  apply  to  lead  base  metal  only.  Dimension 
M  applies  to  lead  placing  and  finish  thickness.  The  maximum  im- 
itsoflead  dimertsions  band  cor  M  shall  be  measured  at  the  cen¬ 
troid  of  the  finished  lead  surfaces,  when  solder  dip  or  dn  plaae 
lead  finish  is  applied. 

5.  N  b  the  nriaxIrTum  nurrfaer  of  lennirtal  poshfarts. 

6.  lyfaasure  dinwision  SI  at  al  four  comers. 

7.  For  bottonvbrazed  lead  packages,  no  organic  or  poiymef1crT«e- 
riais  shal  be  ntoided  to  the  bottom  of  the  package  to  cover  the 
leads 


8.  Dimension  Q  shal  be  measured  at  the  point  of  exit  (beyond  the 

menisajs)  of  the  lead  from  the  body.  Oknersion  Q  minimum 
shal  be  reduced  by  0.0015  Inch  (0.038mm)  fTMudnwm  when  sol¬ 
der  dip  lead  finish  is  appled. 

9.  Dimensionlrig  and  tolerandng  per  ANSI  Y14.5M  - 1982. 

10.  Controling  dimension:  INCH. 
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A10  (21)  r 


HS-65647RH 


Irradiation  Circuit 


HS-e5647RH  (8Kx8T50S4  SRAM)  28  LEAD  CERAMIC  DIP 

VDD 


-Wr- 

-w»- 

-VA- 

■Wr 

■Wr 

-Wr 

-VW 

-Wr 

-VIV 

-Wr 

-W- 


NOTES: 

1.  VDD- 5.5V ± 0.5V 
R-10kn±10% 

2.  Group  E  sample  size  is  two  dleAwafer. 


Test  Patterns 

MARCH  (II)PATTERN 

After  a  backgromd  of  zeros  is  written,  each  cell  (from  begin* 
ning  to  end  in  sequence)  is  read,  written  to  a  one  and 
reread.  When  the  array  is  ful  of  ones  each  cell  (ffom  the  end 
to  the  beginning)  is  read,  restored  to  a  zero  and  reread. 

After  this  the  pattern  is  repeated  but  with  complemented 
data. 

MASEST  PATTERN  (Multiple  Address  Select  Pattern) 

A  checkerboard  pattern  is  written  into  the  memory.  Then  the 
first  cell  is  read,  then  its  binary  address  complement  is  read. 
The  secrxid  cell  is  read  and  then  its  binary  ^dress  comple¬ 
ment  is  read.  This  pattern  of  incremertting  the  address  and 
then  reading  its  binary  address  complement  is  repeated  until 
the  entire  memory  is  read. 

TNs  is  then  repeated  but  using  a  checkerboard  bar  pattern. 

GALROW  PATTERN  (Row  Galloping  Pallam) 

After  a  background  of  zeros  is  written  into  the  memory  a  one 
is  written  into  the  first  cell.  It  Is  then  read  atemately  with 


each  other  cell  in  the  row.  The  test  cell  is  then  rewritten  back 
to  a  zero.  The  test  cell  is  then  irKremented  and  the 
sequence  is  repeated  until  all  cells  in  the  memory  have  been 
us^  as  a  test  cell. 

This  is  pattern  then  repeated  but  using  complemented  data. 

GALCOL  PATTERN  (Column  Galloping  Pattern) 

After  a  background  of  zeros  is  written  into  the  memory  a  one 
is  written  into  the  first  cell.  It  is  then  read  altematdy  with 
each  other  cell  in  the  column.  The  test  cell  Is  then  rewritten 
back  to  a  zero.  The  test  cel  is  then  Incremented  and  the 
sequence  is  repealed  until  all  cells  in  the  memory  have  been 
used  as  a  test  cell. 

This  Is  pattern  then  repeated  but  using  complemented  data. 

CHECKERBOARD  PATTERN  and  CHECKERBOARD 
BAR 

A  checkerboard  is  written  (101010)  into  the  memory  and 
then  the  pattern  is  read  back.  This  is  then  repeated  bu  using 
complemented  data 
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HS65647RH 


Bum-In  Circuits 

HS^5647RH  28  LEAD  FLATPACK  AND  CERAMIC  DIP 


MC 

VDO 

Aie 

A7 

w 

u 

M 

Al 

AS 

A« 

M 

A11 

A1 

Q 

A2 

A10 

A1 

El 

AO 

OQ7 

OQO 

OQt 

DQ1 

OQfi 

DQ2 

C5Q4 

VSS 

DQl 

HS-8S647RH  28  LEAD  FLATPACK  AND  CERAMIC  DIP 

. _ _  VDO 


NC 

VDO 

All 

w 

E2 

At 

At 

AS 

At 

A4 

All 

A3 

Q 

A2 

A10 

Al 

E1 

AO 

DQ7 

noA 

DQl 

0Q1 

DQfi 

nq» 

DQ4 

VSS 

DQl 

DYNAMIC  CONFIGURATION 

NOTES: 

1.  VOO-S-SVMn 

2.  R-10kO±10%,  excepcR2-47l(Ot10% 

3.  VIH:  VDO  ±  0.5V,  VIL  0.4V  ±  0.4V 

4.  F0>100l(Hz±10%,  SimDu^CycM 

5.  FI  -  F0«:  F2  -  F1«;  F3  -  F2J2: . . .  F14  -  F13/2 

6.  FO  «  invertad  FO 

HS-65647RH  36  LEAD  FLATPACK 


STATIC  CONFIGURATION 

NOTES: 

1.  VDD-S.5VMIn 

2.  R»10kO±10% 


HS45647RH  36  LEAD  FLATPACK 


VSS 

VSS 

unn 

ufm 

Vut/ 

vuu 

NC 

NC 

Alt 

W 

A7 

E2 

At 

At 

A6 

At 

A4 

All 

A3 

G 

A2 

A10 

Al 

II 

AO 

DQ7 

OQO 

DQt 

DQl 

006 

DQ2 

0Q4 

NC 

DOS 

voo 

VDO 

VSS 

VSS 

■ - ± - 

4=^ 

DYNAMIC  CONFIGURATION 

STATIC  CONFIGURATION 

NOTES; 

NOTES: 

1,  VDD-5.5VMn 

1.  VDD- 5.5V  Min 

2.  R  •  10kI2 1 10%.  except  R2- 4.71)0  ±10% 

2.  R-  10kO±10% 

3.  VIH:  VDO  ±  0.5V,  VIL  0.4V  ±  0.4V 

4.  F0-100l(Hz±10%,  50%DiiyCyele 

5.  FI  -  FQ/2;  F2  .  F1/2i  F3  -  F2/2: . . .  F14  -  F13/2 

6.  FO'InvanedFO 
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Spec  Number  518729 


HS65647RH 


Timing  Wavefams  (Continued) 


RGURE  4.  WRITE  CYCLE  II:  EARLY  WRITE  -  CONTROLLED  BY  El 


FIGURE  5.  WRITE  CYCLE  III:  EARLY  WRITE  -  CONTROLLED  BY  E2 


HS65647RH 


Timing  Waveforms 


RGURE  1.  READ  CYCLE  I:  W,  E2  HIGH;  G,  El  LOW 


HGURE3.  WRITE  CYCLE  I:  LATE  WRITE 


HS-6S647RH 


Harris  Space  Level  Product  Flow  -8 

GAMMA  Radiation  Verification  (Each  Wafer)  Method  1019.  100%  Dynamic  Bum-In,  ConcMon  D.  160  Hours,  -t-125®C  or 

2  Samples/Wafer,  0  Rejects  Equivalent,  Method  1015 

Periodic-  Wire  Bond  Pull  Monitor,  M^hod  2011  100%  Interim  Electrical  Test 

Periodic-  Ole  Shear  Monitor,  Method  2019  or  2027  100%  PDA,  Method  5004  (Note  1) 

100%  Internal  Visual  Inspection,  Method  2010,  Condition  B  100%  Final  Electrical  Test 
100%  Temperature  Cycle,  Method  1010,  Condition  C,  100%  Fine/Gross  Leak,  Method  1014 

10  Cycles  100%  External  Visual,  Method  2009 

100%  Constant  Acceleration,  Method  2001,  Condition  per  Sarrcle  -  Group  A,  Method  5005  (Note  2) 

Method  5004  ^  ^  ^  ^ 

^  ,  ,  Sample  -  (5roup  B,  Method  5005  (Note  3) 

100%  External  Visual  ^  ^  a*  ^  ^ 

Sample  -  Group  C.  Method  5005  (Notes  3  and  4) 

100%  initial  Electrical  Test  ^  ^  ^  ^  ^ 

Sample  -  Group  D,  Method  5005  (Notes  3  and  4) 

100%  Data  Package  Generation  (Note  5) 

NOTES: 

1.  FallufesfromsubgnDupl,  7areusedforcalculatingPDA.ThemaxirnumalowabtePDA-5%. 

Z,  Altemece  Group  A  testing  may  be  performed  as  slowed  by  MIL- STD-883,  Method  5005. 

3.  Croup  B.  C  and  D  inspections  ana  optional  and  wll  not  be  peribrniod  unless  required  by  the  RO.  When  required,  the  RO.  should  indude 
separate  Ine  kems  for  Group  B  Test.  Group  C  Test.  Group  C  Samples,  Croup  D  Test  and  Group  0  Samples. 

4.  Croup  C  and/or  Croup  0  Generic  Data,  as  d^kied  by  MiL-l-38535.  is  optional  and  wil  not  be  supplied  unless  required  by  the  RO.  When 
required,  the  RO.  should  indude  a  separate  Ine  item  for  Group  C  Generic  Data  arxi/or  Group  D  Generic  Data.  Generic  data  is  not  guar- 
arteed  to  be  available  and  is  therefore  noc  available  in  all  cases. 

5.  Data  Package  Coraencs: 

•  Cover  Sheet  (Harris  Name  and/br  Logo,  RO.  Number,  Customer  Part  Number.  Lot  Date  Code,  Harris  Part  Number.  Lot  Number,  Quanti^). 

•  GAMMA  Radiation  Report  Contains  Cover  page,  dbposkloa  Rad  Dose,  Lot  Number,  Test  Package  used,  Spedficadon  Numbers,  Test 
equipment  etc.  Radiation  Read  and  Record  data  on  fie  at  Harris. 

•  Screening,  Electrical,  and  Group  A  anributas  (Screening  aarfciRes  begin  after  package  seaQ. 

«  Group  B,  C  and  D  atirtouces  andA)r  Generic  data  Is  hduded  when  required  by  the  RO. 

•  The  Certificate  of  Conformance  b  a  part  of  the  shipping  Invoice  and  b  not  part  of  the  Data  Book.  The  Certificate  of  Conformance  b  signed 
by  an  authorized  Quaity  Representative. 


HS-65647RH 


Harris  Space  Level  Product  Flow  *Q 

Wafer  Lot  Acceptance  (All  Lots)  Method  5007 
(Includes  SEM) 

GAMMA  Radiation  Verification  (Each  Wafer)  Method  1019, 

2  Samples/Wafer,  0  Rejects 

100%  Nondestructive  Bond  Pull.  Method  2023 
Sanple  -  Wire  Bond  Pull  Monitor,  Method  2011 
Sample  -  Die  Shear  Monitor,  Method  2019  or  2027 
100%  Internal  Visual  Inspection,  Method  2010,  Condition  A 
100%  Temperature  Cycle,  Method  1010,  Condition  C, 

10  Cycles 

100%  Constant  Acceleration,  Method  2001,  Condtion  per 
Method  5004 

100%  PIND,  Method  2020,  Condition  A 
100%  External  Visual 
100%  Serialization 
100%  Initial  Electrical  Test  (TO) 

100%  Static  Bum-In  1,  Condition  A  or  B,  72  Hours  Min, 
+125°CMin,  Method  1015 

NOTES: 


100%  Interim  Electrical  Test  1  (T1) 

100%  Delta  Calculation  (T0-T1) 

100%  PDA  1 ,  Method  5004  (Note  1) 

100%  Dynamic  Bum-In,  Condtion  D,  240  Hours,  ■t-125°C  or 
Equivalent,  Method  1015 
100%  Interim  Electrical  Test  2(T2) 

100%  Della  Calculation  (T0-T2) 

100%  PDA  2,  Method  5004  (Note  1) 

100%  Rnal  Electrical  Test 

100%  Fine/Gross  Leak,  Method  1014 

100%  Radographic  (X-Ray),  Method  2012  (Note  2) 

100%  External  Visual,  Method  2009 
Sample  -  Group  A,  Method  5005  (Note  3) 

Sample  -  Group  B,  Method  5005  (Note  4) 

Sample  -  Group  D,  Method  5005  (Notes  4  and  5) 

100%  Data  Package  Generation  (Note  6) 


1 .  Failms  fnjoi  subgroup  1,  7  and  datas  are  used  Ibr  catcUaUng  PDA.  The  maximum  alowable  PDA  -  5%  with  no  more  than  3%  of  the 
falurss  frem  subgroup  7. 

2.  Radiog-^>Mc  (X-Ray)  inspactkxi  may  ba  paifarmed  at  any  point  after  aariaSzation  as  akwad  by  Method  5004. 


3.  Alternate  Group  A  testing  may  be  perfonned  as  slowed  by  MIL-STD-883,  Method  5005. 

4.  Group  B  and  0  kspecalons  are  optional  and  wil  not  be  perfoiroed  unless  required  by  the  P.O.  When  required,  the  P.O.  shoiJd  incfejde 
separate  Ine  lems  for  Group  B  Test,  Group  Samples,  Group  D  Test  and  Group  D  Samples. 

5.  Group  D  Generic  Data,  as  defined  by  MIL-l-38535,  is  opttonal  and  wil  not  be  supplied  unless  required  by  the  P.O.  When  required,  the 

P.O.  should  Indude  a  separate  Ine  lem  for  Group  D  Generic  Data.  Generic  data  Is  not  guararteed  to  be  available  and  is  therefore  not 

avalable  in  all  cases. 


6.  Data  Package  Corlerfs: 

•  Cover  Sheet  (Harris  Name  andAor  Logo,  P.O.  Number,  Customer  Part  Number,  Lot  Date  Code,  Hants  Part  Number.  Lot  Nunber,  Quan%). 

•  Wafer  Lot  Acceptance  Report  (Metfiod  5007).  Includes  reproductions  of  SEM  photos  whh  percent  of  aep  coverage. 

•  GAMMA  Radiation  Report  Contains  Cover  page,  dbposMon,  Rad  Dose,  Lot  Number,  Test  Package  used,  Spedflcadon  Numbers,  Test 
equipment  etc  Radiation  Read  artd  Record  data  on  fie  at  Harris. 

•  X-Ray  report  and  fim.  Indudes  penetrometer  measurements. 

•  Screening,  Electricd,  and  Group  A  anribiaas  (Screening  aoribiaes  begin  afler  package  seaO. 

•  Lot  Serial  Nunter  Sheet  (Good  inks  serial  number  and  kx  muter). 

•  Vbriabtes  Data  (Al  Delta  operations).  Data  b  tdendfted  by  serial  number.  Da«  header  hdudes  lot  number  and  data  of  te«. 

•  Gro»4)  B  and  Datntxxes  and/or  Generic  data  b  included  when  naquitod  by  the  P.O. 

•  The  CertlflcaM  of  Corformmtceb  a  part  of  the  shipping  Itwolee  and  b  not  part  of  the  Data  Book.  The  Certificate  of  Conformance  bstgnad 

by  an  aiahorized  Quaity  Representadve. 
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TABLE  S.  BUPN-IN  DELTA  PARAMETERS  {*2Sl^C),  GROUP  B,  SUBGROUP  5 


PARAMETER 

SYMBOL 

DELTA  UMITS 

Standby  Supply  Cumen 

lODSB 

±150pA 

High  Impedance  OUpU  Laakage  Cunent 

lOZH,  lOZL 

±2mA 

Input  Leakage  Current 

liH.  IIL 

±150rv^ 

Low  Level  CXjtput  Vokage 

VOL 

±60mV 

Output  High  Vokage 

VOH 

±150mV 

TABLE  ft.  APPUCABLE  SUBGROUPS 


NOTES: 

1.  Altsmata  Group  A  tdsdrig  In  accordance  wkh  MIL-STD-883  method  5005  may  be  exerdaed. 

2.  Table  5  parameieis  only 
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Specifications  HS-65647RH 


TABLES.  ELECTRICAL  PERFORMANCE  CHARACTERISTICS  (Continued) 


PARAMETER 

SYMBOL 

CONDITIONS 

NOTES 

TEMPERATURE 

LIMITS 

UNITS 

MAX 

WrkaEnaU*  High  to  OU- 
PUON 

TWHQX 

VDD  -  4.5V  and  5.5V 

1 

.S5“CSTaS.125“C 

■ 

■ 

ns 

Chip  Enable  to  Ouput  ON 

TE1LQX 

TE2HQX 

VDO  -  4.5V  and  5.SV 

1 

•S5®CSTaS+125“C 

■ 

■ 

ns 

Output  Enable  to  Output 

ON 

TGLQX 

VD0-4.SV  aid  5.5V 

1 

-5S®CSTaS+125®C 

■ 

■ 

ns 

Chip  Enable  to  Output  in 
High  2 

TE1HQZ 

TE2LQZ 

VOD- 4.5V  and  5.5V 

1 

-S5“CsTaS+125^ 

■ 

15 

ns 

Output  Disable  to  Oiipu  in 
HIghZ 

TGHQZ 

VDD  -  4.5V  and  5.5V 

1 

-5S°CSTaS+12S^ 

■ 

15 

ns 

Output  Hold  from  Address 
Change 

TAXQX 

VDO  -  4.5V  and  5.5V 

1 

-55“CSTaS+125“C 

■ 

■ 

ns 

NOTES: 

1.  The  parameters  Isted  are  controlled  via  desi^  or  process  parameters  and  are  not  directly  tested.  These  parameters  are 
charaderized  upon  initial  design  release  and  ipon  design  changes  which  would  affect  these  characteristics. 

2.  Apples  to  DIP  device  types  only. 

3.  Apples  10  Fiatpack  device  types  only. 

4.  All  measurements  referenced  to  device  QUO. 


TABLE  4.  POST  300K  RAD  DC  ELECTRICAL  PERFORMAMCE  CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDITIONS 

TEMPERATURE 

UMITS 

UNTTS 

MAX 

Standby  Supply  Cument 

IDDSB 

VDO  -  S.SV,  K)  -  OmA,  eT  -  VDD, 

E2-OV,VI>VDDorGND 

•l•2S“C 

■ 

10 

mA 

Enabled  St4)ply  Cunent 

IDDEN 

VDD  -  5.5V,  10  -  OmA,  ET  -  O.OV, 
E2-V00,  VI-VDDorGNO 

+25°C 

■ 

82 

mA 

Operating  Supply  Current 
(Note  2) 

IDDOP 

VDD  •  S.SV,  10  -  OrnAf-  2MHz. 

E  •  OV.VI  •  VDO  or  GNO 

+25'’C 

■ 

100 

mA 

Data  Retortion  Supply  Current 

IDOOR 

VDO  -  2.0V,  10  -  OmA  E  »  VDO 

+2S®C 

6 

mA 

NOTES: 

1 .  DC  parameters  not  Isted  in  this  table  are  tested  at  the  +25°C  pre-inadlation  test  limits.  Al  AC  parameters  are  tested  at  the  +25^  pre- 
irradiatton  test  limits. 

2.  Typical  IDDOP  derating  -  3mA/MHz  (3rM  Increase  in  IDDOP  per  1MHz  Increase  in  address  frequency.) 
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Specifications  HS-65647RH 


TABLE  ^  AC  ELECTRICAL  PERFORMANCE  CHARACTERtSTICS 


TEMPERATURE 


-S5^,  ♦8S°C. 


-5S®C,  +25'^,  +83“C.  +125°C 


-SS®C,  +25“C.  +8S®C,  +125^ 


•S5®C,  +25®C,  +8S®C,  +12S®C 


-55®C, +25®C. +85°C. +125®C  35 


-55®C,  +25®C.  +8S°C.  +125“C 


-SS®C,  ♦25®C,  ♦8S°C.  »12S®C  25 


-S5®C,  +25®C.  +8S®C.  *125^0  30 


.SS®C,  4.25®C,  +85®C,  ♦12S®C  30 


-55®C,  +25®C.  +eS°C.  +12S®C 


-5S°C,  +25®C.  +85°C.  ♦125“C  40 


-5S®C,  +25®C.  ♦8S®C,  ♦12S°C 


NOTES: 

1.  AC  measurements  tested  at  vMorst  case  VDD.  Guaranteed  over  Hi  operating  range. 

2.  AC  measuremeno  assume  transition  time  s  Sna:  Input  levels  ■  O.OVio  VDO;  timing  reference  levels  -  2.0V:  oi*p«  load  -  ^  TTL  eqiivalert 
bad  and  CL  2  50pF.  for  CL  >  50pF.  access  times  are  derated  0.15ns4>F. 

3.  For  timing  wavereims,  see  Low  Voltage  Data  Retention  and  Read/Wrtte  Cycles. 


(NOTES  1,  2. 3) 

GROUP  A 

PARAMETER 

SYMBOL 

CONDITIONS 

SUBGROUPS 

Address  Actress  Tims 

TAVQV 

VDD  -  4.5V 

9,  10,  11 

CXnpuc  Enable  Access  Time 

TGLQV 

VDD-4.5V 

9, 10,  11 

Diip  Enable  Access  Tima 

TE1LQV 

TE2HQV 

VDD -4.5V 

9, 10,  11 

Wrfte  Recovery  Time 

TWHAX 

TE1HAX 

TE2LAX 

VDD  -  4.5V 

9, 10, 11 

Chip  Enable  ID  End-of  Write 

TE1LE1H 

TE2HE2L 

VDD -4,5V 

9, 10, 11 

Address  Setup  Time 

TAVWL 

TAVE1L 

TAVE2H 

VDD -4.5V 

9, 10,  11 

Write  Erable  Piise  Width 

TWLWH 

VDO  -  4.5V 

9, 10, 11 

Data  Set^p  Time 

TDVWH 

VDD  -  4.5V 

9, 10,  11 

TDVE1H 

TDVE2L 

VDD -4.5V 

9, 10.  11 

Data  Hold  Time 

TWHDX 

VDD -4.5V 

9, 10,  11 

Address  Hold  Tme 

TAVE1H 

TAVE2L 

VDD  -  4.5V 

9. 10, 11 

TE2LDX 

TE1HDX 

VDD  -  4.5V 

9, 10, 11 

PARAMETER 


Inpu  Capacitance 


I/O  Capacitance 


TABLE  3.  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


Ta  -  +25“C 


CONOnXlNS 

NOTES 

VDO-Opeaf-lMHz 

1.2,4 

VDD-Opeaf-IMHz 

1.2,4 

VDO  -  Open,  r«  1MHz 

1.2,4 

VDD  -  Open,  f- 1MHz 

1.2,4 

VDO  «  4.5V  and  5.5V 

1 

-5S'>CsTaS+125“C 


MAX 

UMTS 

12 

mm 

12 

PF 

12 

m 

12 

mm 

10 

1  ns 

Specifications  HS-65647RH 


Absolute  Maximum  Ratings 


Reliability  Information 


Supply  Vbhago . +7.0V  Thermal  Resistance 


Input,  Output  or  I/O  \Aotiage . GND-0.3  V  to  VDD+0.3V 

Storage  Temperalure  Range . •65°C  to  +150°C 

Junction  TemperatLire . 

Lead  Temperature  {Solderir>g  10s) . +300®C 

Typical  Deratirkg  Factor . 3mA/MHz  Increase  In  IDOOP 


28  Lead  SBDIP  Package .  45^aw  8.0°C/W 

28/36  Lead  Ceramic  Flatpack  Package. .  53.4‘KVW 
Maximum  Package  Power  Dissipation  at  +125^  Ambient 

28  Lead  SBDIP  Package . 1.11W 

28/36  Lead  Ceramic  Flatpack  Package . 0.e4W 


ESD  Classification . Class  1  If  device  power  exceeds  package  dissipation  capably,  provide  heat 

sinking  or  derate  Inearty  atthe  falcwing  rate: 

28  Lead  SBDIP  Package . 22.2mW/C 

28/36  Lead  Ceramic  Flatpack  Package . 18.7mW/C 

CAUTION:  Sinss^  atcvB  thos0  tistict  in  'AI>$chim  Maximum  Rathigs' my  atm  pmian^(imag9WthQ<isvk»,  t$  a  sirass  onfy  ratirtg  and  Cfsarati^ 

of  th0<iavic»  at  or  any  o(h0r  conditions  adc/^ttyoMindicmacf  in  tti0OpattRionaiMetions  of  this  sp^afication  is  ncfimptiad. 


Operating  Conditions 

Operating  Vbkage  Range  (VDD) . +4,5V»+5.5V  InpuHlgh  Voltage  (VI H) . O.SVDDtoVDD 

OperaUng  TerTpemture  Range  {T^) . -SS^C  to  +12SOC  Data  Retartkxi  Supply  Voltage . 2.0V 

Input  Low  Vbh^CVlL) . 0VIO+0.2VDD  Inpu  Rise  and  Fall  Time . 40nsMax. 


TABLE  1.  DC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 


High  Level  Output 
Voftage 


Low  Level  Output 
Voltage 


High  Impedance  Output 
Leakage  Currert 


Input  Leakage  Current 


Standby  Supply  Current 


Enable  Supply  Current 


Operating  Supply 
Current  (Note  2) 


Data  Retendon  Supply 
Cunent 


Functional  Tests 


Noise  Immunity 
Functional  Test 


l02Lor 

lOZH 


IDOSB 
(Note  3) 


(NOTE  1) 
CONDmONS 


VDD  -  4.5V,  10  •  -5mA 
VI -VDD  orGNO 


VDO  -  4.5V,  10  -  8.0mA 
VI- VDDorGND 


VDD  -  5.5V,  VO  »  GNO  or 
ypO,  VI -VDDorGND 
El  -  VDD,  E2-0V 


VDD  -  S.SV,  VI  -  VDD  or 
GND 


VDD  -  S.SV,  lO  -  OmA, 
y[-  VDD  or  GND 
El  -  VDD.  E2-0V 


VDO  -  S.SV,  lO  «  0mA, 
YL-  VDDorGND 
El  -O.OV,  E2- VDD 


VDD  -  5,5V.  10  -  0mA. 
VI -VDDorGND. 
E2-VDD,  El  -OV, 
r-2MHz 


VDD  -  2.0V,  10  -  0mA, 
Vl^-  VDDorGND 
El -VDD,  E2-0V 


VDO- 4.SV  and  S.SV 
VI  -  VDO  or  GND,  f-  1MHz 


VDD  .  4.5,  VIL  -  0.2  VDO 
VIH-0.8  VDO,  f- 1MHz 


GROUP  A 
SUBGROUPS 


-55°C,  +25®C. 
♦BS^C,  +12S^ 


1 .  All  voltages  referenced  to  device  GND. 

2.  Typical  I DDOP  derating  -  3mA/M  Hz  (3mA  Inaease  inIDDOPperlMHz  increase  In  address  frequency.) 

3.  In  orderfor  this  device  to  be  in  low  power  standby  mode.  E2  must  be  disabled  (low). 
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Pinouts 


HS1-65647RH  28  LEAD  CERAMIC  DUAUN-UNE 
METAL  SEAL  PACKAGE  (SBOiP) 
MIL-STD-183S  CDtP2-T28 
TOP  VIEW 


HSS-65S47RH  28  LEAD  CERAMIC  METAL 
SEAL  FLATPACK  PACKAGE  (FLATPACK) 
MIL-STD-183S  CDFP3-F28 
TOP  VIEW 


HS9A45M7RH  36  LEAD  CERAMK  ME1AL 
SEAL  FLATPACK  PACKAGE  (FLATPACK) 
HARRIS  OOTUNE  K3AA 
TOP  VIEW 
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27 

11 

12 

2S 
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14 

21 
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22 

14 

21 

V7 

»y 

2 


Spec  Number  51 8729 


g  g  g  §  Cl  I 


SEMICONDUCTOR 


August  1995 


Features 

•  1.2  Micron  Radation  Hardened  SOS  CMOS 

•  Total  Dose  3  X 10^  RAO  (Si) 

•  Transiert  Upset  >1  x  10^''  RAD  (Si)/s 

•  Single  Event  Upset  <  1  x  ICr’*  Errors/Bit-Day 

•  Latch^  Free 

•  LET  Threshold  >250  MEV/mg/cm2 

»  Low  Standby  Supply  CurrentlOmA  (Max) 

•  Low  Operating  Supply  Current  lOOmA  (2MHz) 

•  Fast  Access  Time  Sftis  (Max),  3Sns  (TVp) 

>  High  Output  Drive  Capability 

>  (^ted  Input  Buffers  (Gated  by  E2) 

>  Six  Transistor  Memory  Ceil 

•  Fully  Static  Design 

•  Asynchronous  Operation 

>  CMOS  Inputs 

•  5V  Single  Power  Supply 

•  Military  Temperature  Range  -SS®C  to  +125®C 

>  Industry  Standard  JE  DEC  PinotA 

Description 

The  Harris  HS-6S647RH  is  a  fully  asyrx*ironous  BK  x  8 
radiation  hardened  static  RAM.  This  RAM  is  fabricated  using 
the  Harris  1.2  micron  silicon-on-sappNre  CMOS  technology. 
This  technology  gives  exceptional  hardness  to  all  types  of 
radiation,  including  neutron  fluence,  total  ionizing  dose,  high 
intensity  Ionizing  dose  rates,  and  cosmic  rays. 

Low  power  operation  is  provided  by  a  fully  static  design.  Low 
standby  power  can  be  achieved  without  pull-up  resistors, 
due  to  the  gated  input  buffer  desigi. 


HS-65647RH 

Radiation  Hardened 
8K  X  8  SOS  CMOS  Static  RAM 


Functional  Diagram 


IdccooerISI  memoryarray 


MPtlT 

DATA 

cRcurr 


COLUMN  K3 


COLUMN  DECODER 


MODE 


Ljow  Power  Standby 


Disabtod 


Enabled 


Read 


Write 


Ordering  Information 


PART  NUMBER 

TEMPERATURE  RANGE 

PACKAGE 

HS1 -65647  RH-Q 

-55®CtO+1250C 

28  Lead  S8DIP 

HS1-6S647RH-9 

-55®Cto+125°C 

28  Lead  SBOIP 

HS1-65647RH/Proto 

-S5°CtO+12S°C 

28  Lead  SBOIP 

HS1-65647RH/Sampla 

+25“C 

28  Lead  SBOIP 

HS9-65647RH-Q 

-55°C»+125°C 

28  Lead  Ceramic  Flatpadc 

HS9-65647RH-8 

-S5®Cto+125°C 

28  Lead  Ceramic  Fiatpack 

HS9-6S647RH/PrcU 

-55®Cto+125®C 

28  Lead  Ceramic  Fiatpack 

HS9-65647RH/Sample 

+25®C 

2B  Lead  Ceramic  Fiatpack 

HS9A45647RH-Q 

-S5“CtO+125®C 

36  Lead  Ceramic  Fiatpack 

CAUTION:  Ttaw  dsviMS  am  sansitiva  lo  alearosJatlc  diseftarga.  Usars  sttouW  foliew  pnpar  I.C.  Handling  Procacfcims. 
Copyright  O  Harris  Ccrporaiion  ItSS  .• 
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DESIGN  INFORMATION  (Continued) 

Th9  information  contained  in  this  section  has  been  devaioped  through  characterization  by  Harris  SemicorKiuctor  and  is  tor  use  as 
appihation  and  design  k^rmathn  only.  No  guarantee  is  knpMed. 
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HS-ee64RH 


DESIGN  INFORMATION  (Continued) 

ThB  informatkin  contained  In  this  sacUon  has  bean  developed  throu^  characterization  by  Hatris  Semiconducior  and  Is  tor  use  as 
application  and  design  k^onmtion  only.  No  grantee  is  knpied. 


Background  Information  Programming 

The  HS-6664  CMOS  PROM  is  manufactured  with  all  bits 
containing  a  logical  zero  (output  low).  Any  bit  can  be 
programmed  selectively  to  a  logical  one  (oupul  high)  state 
by  following  the  procedure  shown  below.  To  accomplish  this, 
a  programmer  can  be  bull  that  meets  the  specifications 
shown,  or  use  of  an  approved  commercial  programmer  Is 
recommended. 

Programming  Sequence  of  Events 

1.  Apply  a  voltage  of  VDD1  to  VDD  of  the  PROM. 

2.  Read  all  fuse  locations  to  veri^  that  the  PROM  is  blank 
(output  low). 

3.  Race  the_PROM  iruhe  initial  state  for  programming: 

E  =  VIH,  P  -  VIH,  G  =  VIL 

4.  Apply  the  correct  binary  address  for  the  word  to  be  pro¬ 
grammed.  No  inputs  should  be  left  open  circuit 

5.  After  a  delay  of  td,  apply  voltage  of  VIL  to  E  (pin  20)  to  ac¬ 
cess  the  addressed  word. 

6.  The  address  may  be  held  through  the  cyde,  but  must  be 
held  vali^  at  least  for  a  time  equal  to  td  after  the  faling 
edge  of  E.  None  of  the  inputs  should  be  allowed  to  float 
to  an  invaid  logic  level. 

7.  After  a  delay  c^uJ,  disable  the  outputs  by  applying  a  volt¬ 
age  of  VI H  to  G  Q^in  22). 

8.  After  a  delay  of  td,  apply  voltage  of  VIL  to  P  (pin  27), 

9.  After  delay  of  td,  raise  VDD  (pin  28)  to  VDDPROG  wi^  a 
rise  time  of  tr.  Al  outputs  at  VI H  should  track  VDD  within 
VDD-2.0Vto  VDD+0,3V,  This  could  be  accomplished  by 
puling  outputs  at  VIH  to  VDD  through  pull-up  resistors  of 
value  Rn. 

10.  After  a  delay  of  td,  pull  the  output  which  corresponds  to 
the  bit  to  be  programmed  to  VIL.  Only  one  bit  should  be 
programmed  at  a  time. 

1 1 .  After  a  delay  of  tpw,  allow  the  output  to  be  pulled  to  VIH 
through  pull-up  resistor  Rn. 

1 2.  After  a  delay  of  Id,  reduce  VDD  (pin  28)  to  VDD1  with  a 
fall  time  of  if.  All  outputs  at  VIH  should  track  VDD  with 
VDD-2.0Vto  VDD+0.3V.  This  could  be  accomplished  by 
puling  outputs  at  VIH  to  VDD  through  pull-up  resistors  of 
value  Rn. 

13.  Apply  a  voltage  of  VIH  to  P  (pin  27). 

1 4.  After  a  delay  of  td,  apply  a  voltage  of  VIL  to  G  (pin  22). 


15.  After  a  delay  of  td,  examine  the  outputs  for  correct  data. 
If  any  location  verifies  incorrectly,  it  should  be  considered 
a  programming  reject 

1 6.  Repeat  steps  3  through  1 5  for  al  other  bits  to  be  pro¬ 
grammed  in  the  PROM. 

Post-Programming  Verification 

17.  Race  the  PROM  in  the  post-programming  verification 

mode:  _  _ 

E  =  VIH,  G  =  VIU  P  =  VIH,  VDD  (pin  28)  =  VDD1 . 

18.  Apply  the  correct  binaiy  address  of  the  word  to  be  veri¬ 
fied  to  the  PROM. 

1 9.  After  a  delay  of  td,  apply  a  voltage  of  VIL  to  E  (pin  20). 

20.  After  a  delay  of  Id,  examine  the  outputs  for  correct  data. 
If  any  location  fails  to  verify  correctly,  the  PROM  should 
be  considered  a  programming  reject 

21.  Repeat  steps  17  through  20  for  al  possible  programming 
locations. 

Post-Programming  Read 

22.  Apply  a  voltage  of  VDD2  ■  4.0V  to  VDD  (pin  28). 

23.  After  a  delay  of  td,  apply  a  voltage  of  VIH  to  E  (pin  20). 

24.  Apply  the  correct  binary  address  of  the  word  to  be  read. 

25.  After  a  delay  of  TAVEL,  apply  a  voltage  of  VIL  to  E  (pin 

20). 

26.  After  a  delay  of  TELQV,  examine  the  outputs  for  correct 
data.  If  any  location  falls  to  verify  correctly,  the  PROM 
should  be  considered  a  programming  rejecL 

27.  Repeat  steps  23  through  26  for  all  address  tocatfons. 

28.  Apply  a  voltage  of  VDD2  ■  6.0V  to  VDD  (pin  28). 

29.  Repeat  steps  23  through  26  for  all  address  locations. 
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DESIGN  INFORMATION 

September  1995 


8KX8CMOS  PROM 


Tha  bifomadon  conatied  In  this  section  hes  been  developed  through  characterization  by  Harris  Semiconduetor  and  Is  for  use  as 
ttppBcatlon  and  design  Information  only.  No  guarantee  Is  impM. 

Background  Information  HS-6664RH  Programming 


PROGRAMMING  SPECIFICATIONS 


PARAMETER 


Voltage 


Programming  VDD 


Operating  VDD 


Special  Verify 


Delay  Time 


Chip  Enable  PJse  Width 


Addreaa  Vald  to  Chip  Enable  Low  Time 


Chip  Enable  Low  to  Outpu  Vald  Time 


Programming  Piise  Width 


Input  Leakage  at  VDD  -  VDDPROG 


Data  Output  Cunent  at  VDD  >  VDDPROG 


Output  Pull-Up  Resbcor 


Ambient  Temperature 


NOTES: 

1.  All  inputs  muat  track  VDD  (pin  28)  wicNn  these  Imits. 

2.  VDDPROGmustbecapabteofsupplyingSOOmA.  VDDPROG  Power  Supply  tolerance  ±3%  (Max.) 

3.  See  Steps  22  through  29  of  the  Programming  Algorithm. 

4.  See  Step  11  of  the  Programming  Algorithm. 

5.  All  outputs  should  be  pulled  up  to  VDO  through  a  resistor  of  value  Rn. 

6.  Except  during  programming  (See  Programming  Cycle  WavefomB). 
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HS-66G4RH 


3EAHNG  AMO 
BASE  PLANE 


Cl  LEAD  FIMSH 


SECTION  A-A 

NOTES: 

1.  Indexarea.'AnotehorapinonoldontiflcatlonnwkshalbelocEC- 
ad  adjacent  to  pin  one  and  shall  be  located  wkhin  the  shaded 
area  shown.  The  manufadurer's  kjentiflcation  shall  not  be  used 
as  a  pin  one  tdentincation  mariL  Aftemately,  a  tab  (dimanskxi  k) 

may  be  used  to  idendiy  pin  one. 

2.  lfaplnoneldentifkatkxTrnaricbusedlnadcWonioatab.thelnv 

tts  of  dimension  k  do  not  apply. 

3.  This  dimension  allows  tor  off-center  Id  meniscus,  and  glass 
ovemjn. 

4.  Dimensions  b1  and  cl  apply  to  lead  base  metal  only.  Dimension 
M  applies  to  lead  plating  and  finish  thickness.  The  maximum  Inv 
its  of  lead  dimensions  b  and  c  or  M  shall  be  measured  at  the  cen> 
troid  of  the  finished  lead  surfaces,  when  solder  dip  or  tin  plate 
lead  finish  is  applied. 

5.  Nb  the  maximum  number  of  temiinal  positions. 

6.  l^teasuredirnersionSl  axalfburax^ 

7.  For  bottom-brazed  lead  packages,  no  organic  or  polyrTieric  mate¬ 
rials  shal  be  molded  to  the  bottom  of  the  paclc^  to  cover  the 
leads. 

8.  Dimension  Q  shal  be  measured  at  the  point  of  exit  (beyond  the 
meniscus)  of  the  lead  from  the  bo<ty.  Dimension  Q  minimum 
shal  be  reduced  by  0.0015  inch  (0.038mm)  maximum  when  sol¬ 
der  dip  lead  finish  is  appBed. 

9.  Dimensioning  and  tolerandng  per  ANSI  Y14.5M  - 1982. 

10.  Control Ing  dimension:  INCH. 


0.180 

“oHo  ^ 

0.050  BSC 


1.27  BSC 


0.008 

0.015 

0.20 

0.38 

0.250 

0.370 

6.35 

9.40 

0.026 

0.045 

0.66 

1.14 

0.00 

- 

0.00 

- 

0.0015 

- 

0.04 

Rev.  0  5/18/94 
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Packaging 


fbbb(^ClAB(D|D( 


Cl  LEAD  FINISH 


M-»  •«- 

SECTION  A-A 


D28.6  MIL  Smi835  CDIP2-T28 
28  LEAD  CERAMIC  DUAL-IN-LINE 


(D-ia  CONFIGURATION  C) 
METAL  SEAL  PACKAGE 


MILUMETERS 


BASE 

PLANE 

SEATING^: 

PLANE 


32 _ Q 


3 

b2_»J  ^ 


1.  irKiaxaroa:Ano(chorapinoneldentlflcatk)nmdr1($to^ 

ed  adjacent  to  pin  one  and  shall  be  located  wkhin  the  shaded 
area  shown.  The  manufacturer's  Identfflcation  shall  not  be  used 
as  a  pin  one  IdentHIcation  marie 

2.  The  maximum  limits  of  lead  dimensions  b  and  c  or  M  shal  be 
measured  at  the  ceitnoid  of  the  finished  lead  surfaces,  when 
solder  dip  or  tin  plate  lead  finish  b  applied. 

3.  Dimensions  b1  and  cl  apply  to  bad  base  metal  only.  Dimension 
M  applies  to  lead  pladng  and  finish  thickness. 

4.  Comer  leads  (1.  N,  N/2,  and  N/2+1)  may  be  configured  with  a 
partial  lead  paddb.  For  this  configuration  dimension  b3  replaces 
dimension  b2. 

5.  DlnienslonQ  shall  be  rneasured  from  the  seadrjg  plane  to  the 
base  plane. 

6.  Measure  dirnenslonSI  at  al  four  comers. 

7.  Measure  dimension  S2  from  the  top  of  the  ceramic  body  to  the 
nearest  mMallzation  or  bad. 

8.  Nb  the  rmximum  number  of  tsmilnalpositioria. 

9.  Braze  filets  shall  be  concave. 

10,  Din)onsfoningarrdtDterarKdngporANSIY14.5M-1982. 

11.  CofTtrolIng  dirnenslon:  INCH. 


NOTES 


Rev.  0  5/18/94 
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HS-6664RH 


Harris  -  Space  Level  (-Q)  Product  Flow  (no»  i) 

SEM  -  TraceaWe  to  Diffusion  Method  2018 
Wafer  Lot  Acceptance  Method  5007 
Internal  Visual  Inspection  Method  2010,  Condition  A 
Gamma  Radiation  Assurance  Tests  Method  1019 
NondestAJCtive  Bond  Pull  Method  2023 
Customer  Pre-Cap  Visual  Inspection  (Note  2) 

Temperature  Cycling  Method  1010,  Corxjition  C 
Constant  Acceleration  Method  2001 ,  Condition  E  Min,  Y1 
Particle  Impact  Noise  Detection  Method  2020,  Condition  A 
Electrical  Tests  (Harris'  Option) 

Serialization 

X-Ray  Inspection  Method  2012 

Electrical  Tests  -  Subgroup  1;  Read  and  Record  (TO) 

Static  Bum-In  Method  1015,  Condition  B,  72  Hrs,  +125PC  Min. 
Interim  1  Electrical  Tests  -  Subgroi^)  1;  Read  and  Record  (Tl) 
Bum-In  Delta  Calculation  (TO  -Tl) 

PDA  Calculation  3%  Subgroup  7 

5%  Subgroups  1,  7,  A 

Dynamic  Bum-In  Method  1015,  Condition  D,  240  Hrs,  +12SH^ 
(Note  3) 

Interim  2  Sectrical  Tests  -  Subgroup  1;  Read  and  Record  (T2) 


Atemate  Group  A  -  Subgroups  1,  7.  9;  Method  5005;  Para 

3.5.1. 1 

Bum-In  Delta  Calculation  (TO  -  T2) 

PDA  Calculation  3%  Subgroup  7 

5%  Subgroups  1 .  7,  4 

Electrical  Tests  -  Subgroup  3;  Read  and  Record 
Alternate  Group  A  -  Subgroups  3,  8B.  11;  Method  5005;  Para 

3.5.1.1 
Marking 

Electrical  Tests  <  Subgroup  2;  Read  and  Record 

Alternate  Group  A  -  Subgroups  2,  8A,  10;  Method  5005; 

Para3.5,1.1 

Gross  Leak  Tests  Method  1014, 100% 

Rne  Leak  Tests  Method  1014, 100% 

Customer  Source  Inspection  (Note  2) 

Group  B  Inspection  Method  5005  (Note  2) 

ErKj-Point  Electrical  Parameters:  B-S  -  Subgroups  1,  2,  3, 
7,  8A  SB,  9,  10, 11;  B-6  -  Subgroups  1,  7,  9 
Group  D  Inspection  Method  5005  (Notes  2, 4) 

End-Point  Electrical  Parameters:  Subgroups  1 . 7, 9 
External  Visual  Inspection  Method  2009 
Data  Package  Generation  (Note  4) 


1.  The  notes  of  Method  5004,  Table  1  shal  apply;  Unless  Otherwise  Spedfled. 

2.  These  steps  are  optional,  and  should  be  listed  on  the  Individual  purchase  ofder(^,  when  required. 

3.  Harris  reserves  the  right  of  performing  bum-ln  time  temperature  regression  as  defined  by  Table  1  of  Method  101 5. 

4.  Data  package  corcalns:  Radiation  Testing  Certmcate  of  Conformance 

Assembly  Attributes  (post  seaQ  Wafer  Lot  Acceptance  Report  (Including  SEM  Report) 

T est  Attributes  (Includes  Group  A)  X-Ray  Report  and  FIm 

Shippable  Serial  Number  List  Test  ^riables  Data 


Harris  -8  Product  Flow 

Intamai  Visual  Inspection  Method  2010  Condition  B 
Alternate 

Gamma  Radiation  Assurance  Tests  Method  1019 
Customer  Pre-Cap  Visual  Inspection  (Note  1) 

Temperature  Cycling  Method  1010,  Condtlon  C 
Fine  arxj  Gross  Leak  Tests  Method  1014 
Constant  Acceleration  Method  2001  Y1  30KG 
Initial  □ectrical  Tests 

Dynamic  Bum-In  Method  1015,  Condtlon  D,  160  Hrs,  +12S°C 
+25^  Electrical  Tests  -  Subgroups  1,  7, 9 


PDA  Calculation  5%  Subgroups  1,  7 

Electrical  Tests  +125®C.  -SS'^C 

Group  A  Inspection  Method  5005.  5%  PDA  (Note  3) 

Brand 

Customer  Source  Inspection  (Note  1) 

Group  B  Inspection  Method  5005  (Notes  1, 2) 
Group  C  Inspection  Method  5005  (Notes  1 , 2) 
Group  D  In^Declkxi  Method  5005  (Notes  1,2) 
External  Visual  Inspection  Method  2009 
Data  Package  Generation  (Note  4} 


NOTES: 

1.  These  steps  ere  optional,  and  muse  be  negodated  as  part  of  order. 

2.  Group  B,  C  and  0  data  package  contahs  Attributes  Data. 

3.  Harris  reserves  the  right  to  perform  Akemata  Group  A  The  5%  PDA  b  sdl  applicable. 

4.  '-8'  Data  package  contains: 

Assembly  Attributes  (post  seal) 

Test  Attributes  (indudas  Group  A) 

Radiation  Testing  CartVicata  of  Corfbrmanca 
Certificate  of  Conformance  (as  fotnd  on  shipper) 
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HS-66G4RH 


HS1-«664RH  28  LEAD  (8KxB  PROM  DIP) 
HS9-e8MRH  28  LEAD  (8K  x  8  PROM  FLATPACK) 


HS1-6664RH  28  LEAD  (8K  x  8  PROM  DIP) 
HS9-6664RH  28  LEAD  (8K  x8  PROM  FLATPACK) 


DYNAMIC  CONFIGURATION 

NOTES: 

1 .  PovMsr  Supply;  VDD  -  5.5V  (Min) 

2.  VIH  .  VDD  to  VDD-1.0V 

3.  VIL-0.0VW0.8V 

4.  Re9teton-10Kfll10% 

5.  FO  -  lOOKHz  ±  103i.  50%  Duty  Cycte 

6.  FI  -  FO/Z;  F2  -  FI/2;  F3  -  F2/2:  F4  -  F3/2:  F5  -  F4/2; . . 
F13  -  F12/2 


HS1  ■86S4RH  28  LEAD  (BK  X  8  PROM  Dl  P) 


^A1 

5W22— 

51421- 

g{  G 

m£2L 

2^SSL 

=iOQ3 


9  VDO-C3NO 


NOTES: 

1 .  Power  Supply:  VDD  -  5.5V  ifl.5V 

2.  All  Resistors  -  47KO  ±  10% 


Specifications  HS-6664RH 


TABLE  6.  APPLICABLE  SUBGROUPS 


CONFORMANCE  GROUPS 

METHOD 

-Q SUBGROUPS 

4  SUBGROUPS 

Iniciaf  Teat 


IntailmTest 


PDA  1  and  2 


Rnd  Teac 


Group  A 


Group  B 
COptional) 


100%/5004 


100%/S004 


100%/5004 


100$^5004 


Samplos/5005 


Samptfts/SOOS 


Samplds/SOOS 


$ampl€S/S005 


Sample^SOOS 


Sampi8s/5005 


1,  7,9 


1.7,9 


1,7,  A 


L  3.  aA,  BB.  10, 11 


1,2.3,  7.  BA.  8B,  9. 10,  n 


Croup  C  (OptionaO 


Group  D  (OptionaO 


Group  E.  Subgroup  2  (Note  1) 


NOTE: 

1.  Hanid  may  exarctee  its  option  to  perform  to  a  smal  kx  sampJing  pian  of  5  units  per  kx. 


2.  3,  BA,  BB,  10, 11 


1, 2,  3. 7, 8A,  8B.  9, 10. 11 


1.2,  3.  7,aA,  BB 

N/A 

1,  7,9 

N/A 

N/A 

1,  7.9 

1.7,9 

1,7.9 

1,7,9 

1,7,9 

Timing  Waveform 

READ  CYCLE 


v\/l.5V 

'*3r 

'yl\  ADDRESS 


ADDRESSES 


VAUD 

ADDRESSES 


DATA 
OUTPtlT- 
00- 
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Specifications  HS-6664RH 


TABLE  2.  AC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS  (Continued) 
Devic«  GuarantMd  and  100%  Tested. 


PARAMETER 

SYMBOL 

(NOTES  1, 2,  3) 
CONDITIONS 

GROUP  A 
SUBGROUPS 

TEMPERATURE 

Chip  Enable  Low  Width 

TELEH 

VDD -4.5V  and  5.5V 

9.10.11 

-5S°CSTaS+125‘H: 

Chip  Enable  High  Width 

TEHEL 

VDO -4.5V  and  5.5V 

9,10,11 

-S5°CsTaS+125‘*C 

Road  Cycle  Time 

TELEL 

VDO-4.SVttid5.SV 

9,10,11 

-55°CSTaS+125^ 

NOTES: 

1 .  All  voltages  referenced  to  device  GND. 

2.  AC  measurements  assume  transition  time  s  5ns;  Input  lev^  -  O.OV  to  3.0V:  timing  reference  levels  - 1 .5V;  oupu  load  - 1 TTL  equivalent 
badandCL^SOpF. 

3.  Ail  Mats  perfonned  with  P  hardwired  to  VDO. 

4.  Address  Access  Time  (TAVQV)  -  TELQV  +  TAVEL  •  65ns  (maximum). 


TABLE  3.  ELECTRICAL  PERFORMANCE  CHARACTERISTICS,  AC  AND  DC 


PARAMETER 


Input  Capadtance 


I/O  Capadtance 


Chip  Enable  Time 


Output  Enable  Time 


Chip  Disable  Time 


Output  Disable  Time 


(NOTE  2) 

SYMBOL  CONDITIONS 


CIN  VDO-Opeaf-IMHz 


CI/0  VDO-Open,f- 1MH2 


TELQX  VDD  -  4.5V  and  5.5V 


TGLQX  VDO- 4.5V  and  5.5V 


TEHOZ  VDO -4.5V  and  5.5V 


TGHQZ  VDD- 4.5V and  5.5V 


NOTES 


1r3 


,3 


3 


3 


3 


3 


TEMPERATURE 


-55°C!STaS+125°C 


-55°CiTAS+125°C 


.55“CsTaS+1250C 


UNITS 

PF 

ns 

ns 

ns 

ns 

NOTES: 

1.  Al  rneasuremernsr^renced  IQ  device  GND. 

2.  Al  tests  peifonred  with Phardvidredtt^ 

3.  The  parameters  listed  are  controled  via  design  or  process  parameters  and  are  not  directly  tested.  These  parameters  are  characterized 
upon  Initial  design  and  after  design  or  pfxx:es3  changes  which  would  affect  these  characteristics. 


TABLE  4.  POST  100K  RAD  AC  AND  DC  ELECTRICAL  PERFORMANCE  CHARACTERISTiCS 
NOTE:  All  AC  and  DC  parameters  are  tested  at  the  -hZS^C  pre-inadtation  llmlls. 

TABLE  5.  BURN-iN  DELTA  PARAMETERS  (+25°C) 


PARAMETER 

SYMBOL 

DELTA  UMITS 

Standby  Supply  CurrBrt 

IDDSB 

±50mA 

Input  Leakage  Current 

lOZ 

±1mA 

11 

±100nA 

Output  Low  Voltage 

VOL 

±60mV 

Output  High  Voltage 

VOH 

±400mV 

Spec  Number  51 8741 
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Specifications  HS-66G4RH 


Absolute  Maximum  Ratings 


Reliability  Information 


Supply  Voltage  (All  Voltages  Reference  to  Device  GND) . +7.0V  Thermal  Resistance  8j^  9x: 

Input  or  Output  Vofcage  Braze  Seal  DIP  Package .  40.CK7W 

Applied  fbr  All  Grades . CND-0.3V  to  VDD+0.3V  Braze  Seal  Ratpack  Package .  53.4°C/W  6,0^^ 

Storage  Temperature  Range . -85°C  to  +150°C  Maximum  Package  Power  Dissipation  at  +125‘X: 

Junctton  Temperature . +175°C  Braze  Seal  DIP  Package . 1.75W 

Lead  Temperature  (Soldering  10s) . +300°C  Braze  Seal  Flatpack  Package . 936mW 

ESD  Classification . Gass  1  Gate  Court . 26,817  Gates 

CAUTiON:  StTdsses  aOove  rtios6  Ustod  in  'Absofufa  Maximum  Ratings' fmy  causa  parmanant  damage  to  (ha  davica.  This  is  a  svass  only  rating  and  opantion 
ofthadavicaatthasaoranyodiarccndiikmsabcvathomindieatadintiiaopafationaisaaicnsofthisspadhcationisnotimpoad. 


Operating  Conditions 

Operating  Supply  Voltage  Range  (VDD) . +4.5V  to  +5.5V  Input  Low  Voltage  (VIL) . OV  to  +0.8V 

Operating  Temperature  Range  CW . -SS^C  to  +12S°C  Input  High  Voltage  (Vll^ . 4.2.4V  lo  VDD 


TABLE  1.  DC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 

Device  Guaranteed  and  100%  Tested. 


PARAMETER 

SYMBOL 

High  Level  Output 

Voltage 

VOH1 

Output  High  Voltage 

VOH2 

Low  Level  Output 

Voltage 

VOL 

High  impedance  Output 
Leakage  Current 

iOZ 

input  Leakage  Current 

il 

Standby  Supply  Cunert 

IDOSB 

Operating  Supply 

Current 

IDDOP 

Functional  Tost 

FT 

(NOTES  1.  2) 
CONOmONS 


VOH1  VDD  -  4.5V,  10  -  -2.0mA 


VOH2  VDD-4.5V,IO-100M 


VDO- 4.5V,  10 -4.8mA 


VDD  -_5.5V,  VI  -  GND  or 
VDD.  P  Not  Tested 


VDD-5.5V,IO-OnftA. 
VI- VDD  or  GND 


GROUP A 
SUBGROUPS 

TEMPERATURE 

1.2,3 

-55“CsTaS+125°C 

3 

-55“CsTaS+125°C 

1.2,3 

-55°CSTAS+I25f^ 

1,  2.3 

-55°CiTAS+125PC 

1,2.3 

-5S°CsTaS+125°C 

1,2.3 

-55“CsTaS+125°C 

1,2,3 

-55“CsTaS+125PC 

7,8A.8B 

-S5®C  STa  S +125^ 

LIMITS 

MAX  UNITS 


(Note  3),  f- 1MHz, 
lO-OmAVI-VDDorGND 


Functional  Test  FT  VDD  -  4.5V  (Note  4) 


NOTES: 

1.  Ail  voltages  referenced  to  device  GNO. 

2.  All  tests  perfonned  with  P  hardwired  to  VDO. 

3.  Typical  derating  -  15mA/MHz  irnease  In  IDDOP. 

4.  Tested  as  follows:  f-  1MHz.  VIH  -  2.4V.  VIL  -  0.45V.  lOH  «  -1mA.  lOL  « -►ImA,  VOH  a  1.5V.  VOL  S  1.5V. 


TABLE  2.  AC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 
Device  Guaranteed  and  100%  Tested. 


PARAMETER 

SYMBOL 

(NOTES  1. 2,  3) 
CONDITIONS 

Output  Enable  Access  Time 

TGLQV 

VDO- 4.5V  and  5,5V 

Chip  Enable  Access  Time 

TELQV 

VDD -4.5V  and  5.5V 

Address  Setup  Time 

TAVEL 

VDO -4.5V and  5.SV 

Address  Hold  Tvne 

TELAX 

VDO -4.5V  and  5.5V 

LMTTS 

MAX  UNTTS 


20  ns 


60  ns 
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HS-6664RH 


Functional  Diagram 


MSB 

A2- 

A3- 

A4- 

AS- 

A«- 

A7- 

Ai. 

LSB 


TP 


H>- 


m 

1 

LATCHED 

WM 

GATED  ROW 

H 

2S4X29i 

AUUKt55 

REGISTER 

Rl 

DECODER 

^ — 

MATRIX 

■a 

-At 


3ZU  32  V  32U  321.  32 U  ^  32|. 


10F3 


GATED  COLUMN  DECODER 
PROGRAM/ima  AND  DATA 
OUTPUT  CONTROL 


>  Q0-Q7 


LATC^D  ADDRESS 
REGISTER 


MSS 


111111” 

AO  A1  A10  Af  All  A12 


t  P  must  bG  harctwired  at  al  timGS  to  VDO»  except  during  programming. 

TRUTH  TABLE 


E 

s 

MODE 

0 

0 

Enabled 

0 

1 

OutpU  Disabled 

1 

X 

Oisabied 
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Features 

»  1.2  Micron  Radiatk>n  Hardened  BuJk  CMOS 

•  Total  Dose  3  X 10^  RAD  (SO 

•  Transient  Output  Upset  >5  x  10*  RAD  (SO/s 

•  LET>100MEV-cni^/mg 

»  Fast  Access  Time -35ns  (Typical) 

•  Single  5V  Power  Supply 

•  Single  Pulse  10V  Field  Programmable 

•  Synchronous  Operation 

»  On-Chip  Address  Latches 

•  Three-State  Outputs 

•  NlCr  Fuses 

»  Low  Standby  Current  <500mA  (Pre-RacO 

•  Low  Operating  Current  <15cnA/MHz 

•  Military  Temperature  Range  -55^C  to  •t'1 2S^C 

Description 

The  Harris  HS-6664RH  is  a  radiation  hardened  64K 
CMOS  PROM,  organized  in  an  8K  word  8-bit  for¬ 
mat.  The  chip  is  manufactured  using  a  radiation 
hardened  CMOS  process,  and  utilizes  synchronous 
circuit  design  techniques  to  achieve  high  speed 
performance  with  very  low  power  dissipation. 

On^hip  address  latches  are  provided,  allowing  easy 
interfacing  with  microprocessors  that  use  a 
multiplexed  addr^s/dala  bus  structure.  The  output 
enable  control  (G)  simplifies  system  interfacing  by 
allowing  output  ^ata  bus  control  in  addition  to  the  chip 
enable  control  (E).  Ail  bits  are  manufactured  storing  a 
logcal  V  and  can  be  selectively  programmed  for  a 
logical  *1*  at  any  bit  location. 

Applications  for  the  HS-6664RH  CMOS  PROM 
Include  low  power  mforoprocessor  based  instrumenta¬ 
tion  and  communlcatjons  systems,  remote  data  acqui¬ 
sition  and  processing  systems,  and  processor  control 
storage. 


Pinouts 


28  LEAD  CERAMIC  S8DIP 
CASE  OUTUNE  028.8  MIL-ST0-183S,  CDIP2-T28 
TOP  VIEW 


ikit 

A12[7 

A7[J 

A.E 

«E 

A4E 

A2[£ 

A1[I 

AO^ 

DQoE 
DQ1  0 
DQ2E5 

gndP? 


^  VDO 

^PT 

^NC 


gc 

gOQT 

goQi 

goo* 

gDQ4 

i^Doa 


28  LEAD  FLATPACK 

CASE  OUTUNE  K28A  MIL-STO-183S.  COFP3-F28 
TOP  VIEW 


CAUTION:  Ttwss  dwtMS  an  Miuinw  to  al«ctrci$tatic  disctiargo.  Us«rs  should  foilCM  pnpar  I.C.  Handling  Prccsdunas. 
Cop^ghi  C  Harrh  Corporation  199S  .. 
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ORDERING  IKFOBMATION 

UT22VP10:  Proto^rpes  wd  Maitai^Tfemperature  R»n*e 

UT22VP10 


«  ft*  «  ♦ 


(A)  ^  Hot  *oIdtr  tipped 

ra  =  <Md 

^  ■  Itencyopdoii  {gold  or  solder)^ 

-Saocnos 

m  «  WGKbuyt£ffip«rft02j»nd^ik^ 

^  flow  ^ 

-PtdkagelVpe: 

^  m  24-)c4id  cccunic  ride^bmied  Dff  (OLSOCT  body) 


-  244ejdcr»mkb<«on-bfixeddajJ-«4iaeaittadc(0U35(ri<^pi^ 
^  2ft4eidceiamktop-tea2edq^iAd-fUi|»ck(0i^le«J^^ 


-  Deviot  iypcl£cidi6cr/Speedb 

-  CMOS  Wf^ZSis  pcopagitiaB  <J©Uy 

=  Tn«IA3;2M{kceipAjS&tk»del*y 


1.  LadiUkCAAoSHt 
1  unfcaii 


hM  liffM  Mrf  v»i«itad  U  •STC,  10001  tai^eacne,  »4  US^lftAdbliM 


imSYPlI;  QML  Oast  <2  &  Class  V 
S962  «  94754  **  •  *  * 


I. 


-LcadFoiofa:^ 

(A)  »  Hot  »oWcT  dapped 

(Q  ^  QHd 

^  =  Acioi7Q|idoR(gf3ldarsoldef)^ 

»Cb3C  OudiWTt 

(L)  =  at  lrt<t aiamie ridt-fccMtdPg (8300* boffl  « 

m  -  a(4aM}OMaiMbotlaB-bnnddoal4t-tia»flatpKt(0.Q50r  ie«ipit^ 

^  —  Tti  Iriiff  rrnrrfr  TTf  trrnmf  i — ‘  *-*p^  f"  '«»*  p.'trfc\ 

»Qatt 


_ iXOML^MlBcdtoMIL-UasaS 

CX/SSS  0,  QML  4iniGed  to  MIlyI-38S3S 

(01)  -  OuEfe^ZSMpropafiitkMdetay 

(02)  -  TIXL^Swpfope^itiomdclR^ 

•  Dnmfin^  Nuabear  No  Optiooe 

<S0p«  5962.^4754  < 

-  Wcnl  SOxk  Oto  X)»5|iurt^ 


IMCadatf  «M  Gs^llad 


C^|„ilMi.i4PW» 

^lodiAszu 


Bo«tas  S«ki  Ofla 

Bg^mM,UAa21U 

EMlAMaOtte 

n»dK»LM,Mu3 

C^KttuCA  93020 

IQMMCa 


UHim> 

H^OLOSg^ 

MCfioeij»nR0Nic^ 

CENTQI 


IMtod  TWwoloriea  Mkroelectioofcs  CeoW;  la^ 

tfao  lo  xnaJoo  diaiigei  tt)  12^  {xixlucti  ad  accwCt  hctcw  w 


tune  whfaoul  iMJike.  CDoaUt  UlMC  or  m 

or  lesvke  described 

;  fiordoeiibr 


other  of  tio 


aoyil#l  15iS  ^  UUM 


KASIML-l-T^S-m 


p  IT 


±ori  l 


rrxLNM  un'F _ 'wHi‘B-f<iLJ-U 


:?  X  HOOCOOOOO  X 


r .  x;5 


PIN  Na  1  igy^ 


2fiPUU:E8 
0^  BSC 


eai 


H 


28  PLACES 

0450  MAX. 

1  -0- 1  0010  ®)|  h1  a.b®|  d( 

1 A 

MffflTYR 

0250 


^  L- 


jS3 

ao3oMm.Tm 


L  ABqq>o<fcd  meftU&<dttg»iicyoMpUtedoretftl^^ 
nidctl  p»r  MIL4-3SS35. 

2.  Tbefidbdectrfeanyooiiisttttd  »V$$. 

1  I^fiiii$h«#«9iRaca7rdeacswstfaMZL^-3aS5S. 

4.  M1L.*STD^1835> 

tLcad  p(»<SgQ  iim3  coplaoaritT' an  K>t  inetturesi 
D>  milk  k  Tcodof 

adder  coi2ad  kids»  novase  mixiimim  Imut  ty  OjOCD  iocii 

as  omijured  It  tbe  oeiitfir  df  the  flit 


Flgm  8. 2XXcad  Fla^nck  X  .64) 


POW^UP  reset 

The  p<rwer-up  reset  feature  ensurea  that  all  flip-Ucps  wiQ 
be  refet  to  LOW  after  the  device  has  been  powered  up. 
The  oatpnt  state  w3I  depend  on  the  ptogrumned  pat¬ 
tern.  feature  is  valuable  in  sin^jlifyin^  state  madiioe 

initializaiiQn.  See  ^ore  6  fer  a  timkig  diagram.  Due  to 
the  synchronous  operadou  of  the 


power-up  reset  and  the  wide  range  of  ways  Vj^q  can  rise 
to  its  steady  state,  the  following  two  conditions  are  re¬ 
quired  to  ensure  a  valid  power-up  reset. 


•  The  Vdo  rise  must  be  monotonic 
■  Following  reset,  die  dock  irgjut  must  not  be  driven  from 
LOW  to  HIGH  cntil  ail  applicable  input  and  feedbadr 
setup  dnKs  are  met. 


Figure  g.  FOwcr>Up  Reset  Waveform 


RADldlnON  HARDNESS 

The  UT22VITO  RADfM.  incorporates  special  design  and  asid  leliabili^.  For  transient  radiation  hardness  and 

layout  features  which  allow  ^jeration  in  hi^v4evel  radi-  latdiup  inumiiily,  UTWC  builds  all  radjatfon-hardened 

atjonemirOTm«ata,UTMC  has  developed  special  low-  products  on  epitaxial  wafers  using  an  advanced  tvrin-tub 

lempeiatuFe  processug  techniquea  designed  to  enhance  CMOS  process, 

the  total-dose  radintioc  hardness  of  both  the  gate  oxide 
and  thd  Qeld  oxide  wlifle  matnlaking  the  circuit  denstfy 


RADIATION  HARDNESS  DESIGN  SPECIFICAIIONS ' 


PARAMETER 


llbtalDose 


LHT  Threshold 

i*  ‘ 

Neutron  Fluence 


CONDITION  MINIMUM  UNIT 

4-2S<C  per  MIL-STD-a83  Method  1D19  1.0E6 _ rads(Si) 

-55^  to  +125*C  50  MeV-cm^/mg 

IMeV  equivalent  L0E14  a/em^ 


12 


T 


Clock  to  C4imbinata1ai  Oatpnt  (tcQ2) 


tcF  u  propoj^Btldp  <lciay  firom  TJ  p  D 


Imaxs:  Intenuri  Itedbadt 


Rgiire  5.  Signal  Fatlu 


iMpuron^ 

enlnEGmoNAL 

ww 


COMUOrKMAL 
}  cuTwr, 


ComblDatoiiai  Output 


wpuron 

8iC»ECT)0MAL 

HPUT 


R&GISTEfICO 

omwr 


RegLsUccd  Outpat 


MPvroR 

miR&CTKMIAL 

iNKrr 


aocbHIdth 


CojulanalodAl  Output 

(VoH-ojyvoL  +  o^ 


IWH/TASSSnilC 

sthchronous 

PBEaCT 


REGISniO 

OUTPUT 


AiqrncliitmoiM 


Sjnchrooous  ^eset 


L  Vt=L5V 

2.  Zagat  «o»6tQ^  OV  to  3b0V. 

X  limes  3tom«xioMain. 


^igwrt  4*  AC  Eieetrktd 


lj  1 1  jniN 


AC  CHARACTERISTICS  READ  CYCLE  (Post-Radiation)  ^ 
(Vdd  ^  5.0V  ±  10%;  -55*C  <  Tc  <  +125*C5 


SYMBOL  I  PARAMETER 


lopot  to  output  propa^tion  delay 


Inpot  to  ootpul  enable  delay 


Input  to  output  dhabie  delay 


Clock  to  output  delay 


Qocfc  to  oombinaiomi  outpot  delay  via  internal  reg^ 
teredibedbadt 


Input  or  Ceedback  setup  time 


Input  or  feedback  hold  time 


External  clock  period  (too  +  ts) 


tyvH.'WL  I  ClQdcvidth,dodc  high  time,  clodt  low  time 


{ External  maxinmm  frequency  (l/(too  +  tg)) 


^iAXZ  1 15ata  path  maximam  frequency  (l/(twH  'i'  hVL)) 


fri,iAX3  I  Internal  feedbedc  maximum  frequency  (l/(tco  +  top)) 


Register  to  feedback  u4)ut 


Axyochronoos  reset  width 


AqnodiitHioas  reset  reooveiy  time 


Input  to  asjnodmmous  reset 


Synchronous  preset  recovery  tinoe 


Power  iq>  reset  time 


UIN1UIA4 


MAXIMUM 


1.  Paw-trtwkinpe>fogittcce;iMi»mJK^*Cp«rMnjifll>-Sg3>rt«AaJ  1019*1  LCESaiM^ 

2.  OMtmknnd  by 
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DC  KtECTRICAL  CHARACTERISTICS  * 

(Vdd  *  5J)V  ±  10%;  Vss  =  ov  *,  -55°C  <  Tc  <  +125*C) 


1 

SYMBOL 

PARAMETER 

CONDITION 

MINIMUM 

MAXIMUM 

UNIT 

VlL 

Low-level  inpat  voltage 

TTL 

- 

A 

V 

Vm 

High-level  input  voltage 

TTL 

2a 

— 

V 

ViL 

Low4evel  input  voltage 

caios 

5*Vdi) 

V 

Vtti 

High-level  input  voltage 

CMOS 

.7*Vdd 

— 

Y 

V6l 

Lcw-Ievcl  output  vt^ge 

Ioi,=  12j0mA,  Vdd  =  45V  (TTL) 

A 

v 

Von 

High-level  output  voltage 

Iqh  =  -llOtnA,  Vdd  “  45V  (TTL) 

Z4 

— 

V 

VoL 

Low-level  outpat  voltage 

loL  -  200pA,Vdd  =*  45V  (CMOS) 

— 

Vss+0.05 

V 

VoH 

IoH»-2OOpA.V0D-45Y 

(CMOS) 

Vdd^-05 

v 

IlN 

Input  leakage  cuireni  j 

Vm-VooandVss 

-10 

10 

jiA 

Three-etate  output  leakage  j 

cunent 

Vo  ~  Vqo  and  Vs$  I 

VoD  "  5-^ 

-10 

-160  H 

10 

pA 

Ic^ 

Short^dreuit  output  currenl 

Vdd  *  55V.  Vo  =  Vdd 

Vdd«5^Vo  =  0V 

1 

160  1 

mA 

Qh^ 

Input  capacitance 

/=lMHz@0V 

— 

15 

pF 

BidiiectionM  capadtanoe 

/»lMHz@0V 

- 

15 

pF 

la 

Ouq>dt  three-etaie,  wcust-exse 
pattern  pzt^granuned,  I!maxi 

Vdd  =  55V 

120 

xnA 

2.  AHAcdiiatioiar^taeitailioadotc* 

>.  Dorttio««J«»oceedlieeQad,oiieoia|«ti« 

4.  Gnii«nMd,lnitwt  tested 

5.  llat^ftxiiiitUqHliacsdaaoiifjr- 


a 
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Cominerclal  Version  (ConflnMd) 

DIP  ECL-to-TTL  AC  Electrical  Characteristics 


Vee 


-4J2V  to  -5.7V,  Vm  -  -♦'4.6V  to  +5.6V,  Vcc  ^  VcCA  "  OND,  CL  -  60  pF 


ibol 

Param«t«r 

To  -  irc 

Tc  -  2rc 

To  -irc 

IMH6 

CondHioni 

Mn  Hex 

Mn  Hex 

Mn  Hex 

EnlOTn 

(Tmnaparam) 

2.3  5.6 

^4  5.6 

2.6  5.9 

ne 

Figur0§3A4 

LEtoTn 

3.1  7.2 

3.1  7.2 

3.3  7.7 

ne 

Figijrm33i4 

1 

OEtoTn 
(EnebI#  Time) 

am 

4.0  9.7 

4.3  ao6 

ni 

ngutm3AS 

f 

OEloTn 
(Dis«6le  Time) 

Z2  a.95 

3i)  7.7 

3.5  9.2 

4.1  a86 

ne 

E 

DIRloTn 

(Pitehle  Time) 

2.7  6.2 

E.B  7.46 

Z£  6.7 

3.1  7.86 

3.1  6.96 

4.0  Ql2 

ne 

Figur0§34ie 
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SOIC,  PCC  and  Cerpak  TTL-to-ECL  AC  Electrical  Characterlatica 

- 4SN  to  “6.7V,  VttL  "  to  +6.6V 

Symbol 

Pororiwtar 

Tc-<rc 

Tc  -  »C 

Tc- wx: 

UMli 

Conditlont 

Min  Max 

Min  Max 

Min  Max 

tPLH 

tpHL 

TntoEn 

(Transparant) 

1.1  as 

1.1  3.4 

1.1  3S 

na 

na 

figurestS2 

LEtoEn 

1.7  a4 

1.7  3.6 

1.9  3,7 

ne 

na 

HgurMlA£ 

•PZH 

OeioEn 
(Cutoff  to  MigTi) 

wm 

DD 

na 

f^gunMlA£ 

tPhZ 

OEtoEn 

(HIghtoCuton) 

1.6  4.3 

^Ui 

D 

Ffgur99tS£ 

tPHZ 

DRtcEn 
(High  to  Cutoff) 

1.8  4.1 

1.8  4.1 

1.7  4a 

na 

FigunalSlS 

W 

TntoLE 

1.0 

1.0 

1.0 

na 

ffgur9tfl2 

thoti 

TntoLE 

1.0 

1.0 

1.0 

na 

HgumiStB 

KSSBI 

PuiM  Width  LE 

ao 

ao 

ao 

na 

HgurmlAB 

Transition  Time 

20%  to  80%,  80%  to  20% 

0.6  1.8 

na 

nffUt99lA2 

«OSHL 

Msxmum  Skew  Common  Edge 
Output-to-Output  Variation 

Data  to  Output  Path 

200 

200 

200 

P8 

POCONy 

(Notol) 

t06LH 

Maximum  Skaw  Common  Edge 
Oiitpiit-toOutput  Variation 

Data  to  Output  Path 

200 

200 

200 

pa 

PCC  Only 
(Motel) 

k>ST 

Maximum  Skew  Oppoeia  Edge 
Output»to-Output  Variation 

Data  to  Output  Path 

850 

660 

660 

P8 

PCC  Only 
(Note  1) 

Maximum  Skew 

Pin  (Signal)  Transition  Variatton 
Data  to  Output  Path 

860 

850 

860 

pa 

PCCOnly 

(Motel) 

H«tetOu« 

dMiaa.Tha 

HLar«jLH( 

ak«r  k  dtinKi  ••  the  value  o<  the  (WerwM  ^oeegMon  delay  ter  «eiM»  entm  itw  sm)#  pmkeO** 

aMoftkfene  apply  to  erk  oupuk  ee«^ r  the  eeme  cireetim  IM  HKiH  to  UOW  (loe»«).  O' (icW  V  h  ei^ 

load- Pwvrnsm  tom  end  Ip.  gueenteed  by  dedgn. 

e 


Commercial  Version  (contmiMd) 

SOIC,  PCC  and  Cerpak  ECL-to-TTL  AC  Electrical  Characteristics 

Vee  -  -4^  »  -5-7V,  Vm  -  +45V  to  +55V,  Cl  -  SO  pF 

Symbol 

Porwnotor 

Tc-irc 

Tc-IM 

To-l« 

UMM 

CandHtana 

Min  Max 

Mm  Max 

Mm  Max 

tPLH 

tPHL 

E«tDT„ 

(TtanaporianO 

2.4  6.4 

ae  S.7 

na 

/^j0UvsJ44 

IS 

L£toT„ 

at  7j0 

3.1  7J0 

as  7.5 

ns 

/=^funs3S4 

tpZH 

4®. 

OEtoTn 

(EnabtoTimo) 

B 

F^ffurm$JS5 

tpHZ 

4tZ 

OEtOTn 

(DittbloTtmQ) 

a2  a7S 

ao  73 

3.3  a75 

3.4  8.6 

3.8  9.0 

4.1  a76 

ns 

fSjffurmJSS 

tpH2 

tfCZ 

DIRIOTn 

(DitabloTimi) 

Z7  0.0 

as  7a5 

2.8  8.6 

3.1  7.75 

3.1  a76 

4.0  ao 

na 

Fiu9sSde 

W 

E«tDLE 

1.0 

1.0 

1.0 

na 

Figurm3A4 

thou 

EntOLE 

ao 

2X) 

2.6 

ns 

F7guP9$3S4 

Puiao  Width  LE 

4J) 

4.0 

4.0 

ns 

Rgun434  4 

tOSHL 

MaximLim  Skew  Corrmon  Edge 
Oulput4o-Output  Variation 

Data  to  Output  Path 

800 

800 

600 

pe 

PCC  Only 
(Noial) 

tOSLH 

litodmufn  8k«w  Common  Edge 
Oti1put4o-Oiitput  Variation 

Data  to  Output  Path 

850 

850 

650 

PS 

PCC  Only 
(Notal) 

tOST 

Maximum  Skew  Oppoaite  Edge 
Output-to-Oiaput  Variation 

Data  to  Output  Path 

1380 

1380 

1360 

pe 

PCC  Only 
(Natal) 

•p. 

Maximum  Skew 

Pin  (Signal)  Transition  Variation 
Data  to  Output  Path 

950 

960 

960 

PS 

PCC  Only 
(Nolel) 

IMitOiJt 

dMUs-Tha 

HLwULH 

pui-»Ouuut  Skte  a  daflnad  ••  f»  itooiiai  ¥ifcji  oi  tha  dS«noa  baamsn  fw  icaia  prcpao^on  dtUy  kx  ariy  aipua  wW*»  tw  itiTw  paflktesd 

a»d«e»<crs  SW^  to  SW  flutpiss  In  ttw  ssfTw  dk«aon  slth»  HKW  to  LOW  t^)eHa  » »  HIQM  (I08LH>.  W  ^ 

flordi  PwwtwtSfi  ioT  wta  w  w—nusd  by  Osegrt. 
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Industrial  Version 

PCC  TTL-lo-ECL  DC  Electrical  Characteristics  ^ ^  ^ , 

V_  _  M  -6.7V.  Wee  -  VeCA  “  QND,  Tc  ”  -<0*0  to  +06*0.  Vni.  ”  +4£V  to  +5£V  (Notal 


Symbol 

Poramotor 

VoH 

Output  HIGH  Voltaoe 

Vex 

Output  LOW  Vonago 

Culolt  Voltnga 

VOHC 

Output  HIGH  Voitage 

Comer  Point  H^sh 

Vote 

Output  LOW  Voitaga 

Comar  Point  Low 

V»^ 

Input  HIGH  Voltage 

Vt 

input  LOW  Voltage 

ilH 

trvHit  HIGH  Current 

BreakdownTeet 

To  -  -«*C 


To-0*Cto+«fC 


Mw 


Input  LOW  Cuifnt _ _ 

IryutQafnpDiodaVoltag#  -1^ 
VEg8tpplyCurT«fit 


InHft  I  CoiMfitiOA* 


mV  I  V*<  -  ViH(Mw)OrV|4M»i) 
LodKin0  with  500  to  — 2V 


OE  O’  DIR  Low, 

Vw-  ViHjytaJ^  orVt(Wn> 

LMdktg  With  son  to  -2V 


“  V|H(lyBn)®^'^IUMwd 

Looiing  With  son  to -2V 


\94  "  -16  mA _ 

LEU>w.OEw>dDIRHiQh 

Inputs  Open 

Vee  ~  -4^10  -4 AV 
VgS-  -4^  to -5.7V 


PCC  ECL-to-TTL  DC  Electrical  Characteristics 

Vee  -  -4jzv  to  -S.7V.  Vcc  -  Vcca  -  snd.  Tc  -  -<o*c to  -upc, Cl 

I  I  I  Te--«rC  I  Te-0*Olo+W*C 

SymM  Pirtmeter  - - - - - 


50  Vttl  -  +4.5V  to  *f  65V  (Note) 


ConcRtions 


6 


TntoLE 


PuiM  Width  LE 


Trarwiton  Tim# 

20%  to  60%.  80%  to  20% 


PCC  ECL-to-TTL  AC  Electrical  Characterlstica 

Vee  -  -42V  tB  -5.7V.  Vm  -  +45V  ID  +55V.  Cl  -  50  pF 
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Military  Version 

TTL-to-ECL  DC  Eieotrleal  Characteristics 

Vgg  .  IP  -6.7V,  VCC  "  VCCA  "  QNP.  Tc  "  to  -f  125*C.  V^TTL  "  to 


PsrsfMtef 

Max 

Untta 

To 

Condi 

tlone 

Notes 

VOH 

output  HiQHV0it«Q« 

-1026 

-870 

mV 

or  e  to 
+  126*C 

Vim  -  V|H  (M«<) 
otV||.(Min) 

Loadtogwith 

6onto-2XV 

1,2.3 

-1086 

-870 

VoL 

Output  IjOW  Voltage 

-1830 

-1620 

-1830 

-1555 

mV 

-5TC 

Cutoff  Voltage 

-1050 

mV 

0*Cto 
+  126^5 

OC  or  DIR  LOW 

-1860 

mV 

-55^ 

VOHC 

Output  HlQHVottege 

-1036 

mV 

<rcto 

+i2e« 

Vk  ”  V|H  (Min) 
OfV|L(M®t) 

Lowing  with 
6000  to  -ZSN 

1,2.3 

-1086 

mV 

-65X 

Vox 

OUMXJt  LOW  Voltage 

-1810 

mV 

0*CtO 
+  126^ 

-1555 

mV 

V|H 

Input  MIQH  Voltage 

2.0 

V 

-65*CtD 
+  125^ 

Over  Vttl»  Vee,  Tc  Range 

1,2,  3, 4 

VlL 

Input  LOW  Voltage 

D 

OverVm.  Vee.  Tc  Rxno* 

1.2, 8,4 

Input  HIGH  Current 

70 

B 

V»i  -  +Z7V 

1.2,3 

araaKdown  Test 

IX 

mA 

-66*CtD 
+  126^ 

Vw  -  +5.5V 

II 

Input  LOW  Current 

-1.0 

mA 

-65*Cto 
+  126^ 

Vpj  -  +0.5V 

1,2.3 

Vfco 

Input  damp 

Diode  Voltage 

-1.2 

V 

-65-CtO 
+  126*  C 

}|l^  “  —18  niA 

1.2,3 

Iee 

Vee  Supply  Cunren 

-186 

-176 

-85 

-85 

mA 

-66*Cto 
+  126*C 

LE  Low,  Oe  and  OR  High 

Inputs  Open 

Ya-  -4.2Vto-4XV 

Vee  -  ““4.2V  to  -5.7V 

1.2,3 

10 


Military  Version  (continMd) 

ECL-to-TTL  DC  Electrical  Characteristics 

Vee  -  -4iVlO  -5.7V,Vcc  -  Vcc*  “  OND.  Tc  -  -66*Clt)  +126X:  Cl  -  50  oF.  Vm  -  +4^10  +  6£V 

Symbol 

Porimotor 

vm 

UnlH 

To 

Conditlona 

Nolat 

VOH 

Output  HIGH  Vottoga 

2.4 

mV 

(TCto  +126*0 
-5S*C 

lOH-  -ImA.  Vttl  -  430V 
loH-  “3mA. Vm-  430V 

1.2.3 

VoL 

Output  tow  VoHago 

0.6 

mV 

+126*0 

lOL-»4nAVnL-  430V 

V»H 

Input  HIGH  Voltoga 

-1166 

-670 

inV 

-55*C 

+125*C 

Guarantaad  HIGH  agnal 
for  Al  Inputs 

1,a3.4 

V|L 

Input  LOW  Voltipo 

-1830 

-1476 

mV 

-66*CtD 

+125*C 

Quarmntaad  LOW  SlgnaJ 
for  Al  Inputs 

1,2.  3,4 

Input  HIQMCumnt 

360 

500 

0*Cto 
+  126*C 

Vee  -  “5.7V 

Vk  -  ViH  (MSK) 

1.2.6 

II 

Input  LOW  Curront 

0.50 

pA 

-66^  to 
+  126*C 

Vee  “  -<■» 

Vw-VlL(Min) 

i.as 

l02HT 

TRLSTATE  Currant 
Output  High 

70 

pA 

-65n:tD 
+  12S*C 

VqUT-  +3.7V 

1.2.3 

loZLT 

TRI^TATE  Currant 
Output  Low 

-1.0 

mA 

-65^  to 
+  12S*C 

VOUT-  +0.6V 

1.2.3 

los 

OjtputShort-CIrcuft 

CURRENT 

-150 

-60 

mA 

-66*C1d 
+  126*C 

Vour-  0.0V,  Vttl  -  +53V 

1.2,3 

hTL 

Vttl  Supply  Currant 

75 

50 

70 

mA 

mA 

mA 

-66*CtD 
+  126*C 

TTL  Outputs  Low 

TTL  Output  fSgh 

TTL  Output  h  TRI-STATE 

1.2,3 

Mata  1;  l>100K  900  fioilM  floM  tannoarmua  iMti’Q  h  partbrmad  by  twnparalure  soeMriQ  (id  Jundton  Mfitparcun  equals  ~SS^,  than  Mng 

irnmsqqiay  alt«ut  lowing  tor  tie  junction  tomperetvea  to  itoliiae  due  to  heat  riedpeiiin  iflv  pmtor<u0.  Tide  prowdse  "cold  MvT  ipesa  its^  can  bo 
ooraldnd  ■  worto  oeaa  oonMon  01  ooU  teirp«toua& 

Ma«ai:tePsentaaMd100K  ansaohdaUeoai  -irC,  +irc.«tto  +1M*C.  tubr»to«.  1>  t  >.  T.  and  t. 

Mala  t:  Soivtoie  iNMd  (MaO«d  3005,  TiMe  1)  on  each  monutoetind  lot  01  >aarc.  -t-nrQend  -t-ltfrCX  flub^oupoAI.  t,  9,  7,  end  5. 

Nate  4:  Quaraniaed  by  epplyng  qisnOerl  input  eondifon  end  Ming  Vo^AbL- 

TTL-to-ECL  AC  Electrical  Characteristics 

Vee  -  -4JV  »  -S-rv.  Vm  -  +4iv  to  +5£v.  Vcc  -  Vcc*  -  snd 

Symbol 

Paramatar 

Tc  -  -ire 

Tq-  arc 

Tq  -  +12S*C 

Units 

Conditions 

l9QiB9 

Min  Max 

C9K9 

Min  Max 

tpHL 

Tn  toEn 
(Transparent) 

as  3.4 

1.1  3S 

0.B  3.7 

ns 

ns 

Ffgutas  f  A£ 

1.2,3 

bHL 

LEteEfi 

1.2  3.a 

1.1  at 

ns 

ns 

Fi9Uf€lA2 

<P2H 

OEteEn 
(Cutoff  to  HKSH) 

0.6  3.6 

1.5  4.0 

2.0  S3 

ns 

Ffgur»s1A2 

1.2,3 

(XteEn 
(HQH  to  Cutoff) 

1.6  4.6 

1.6  4.2 

1.6  4.3 

ns 

Figufm9lA2 

bM 

□RtoE„ 

(HIQH  to  Cutoff) 

1.6  4.7 

1.6  43 

1.7  4.3 

ns 

Ffffur99lS2 

W 

TntoLE 

Zb 

2.0 

2.5 

ns 

FigumlA2 

4 

Ihold 

TntoLE 

Z6 

2.0 

23 

ns 

Figure  1A2 

PiiseWidthLE 

2.5 

2.0 

Zb 

ns 

Figures  1A2 

4 

♦tlh 

tTHL 

Transition  Tima 

20%  to  80%  to  20% 

0.4  2.3 

03  2.1 

wm 

ns 

Figures  1A2 

n 

1 _ — J 
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Military  Version  (comnuM^ 

ECL>to-TTL  AC  Electrical  Characteristics 


UnHt  Cpndition*  Ne«M 


EnteTn 

(Tr«nspar«nt) 


»ZH  OEtoTn  3^  8.0  ^7  aO  4.0 

(En^tTim#)  3.6  aO  4.0  6.6  4.3  9.6 

»h2  oe  to  Tn  3.2  as  as  ao  as  a4 

BLz  Tim#)  ao _ ao _ a4 _ t^s _ 8.1  10.0 

DRtoTn  2.9  7.0  2.9  7X)  2.9  9.0 

912  (Pi*^  "nm#)  a7  7.0  ai  7.0  4.0  10.0 

1^1 _ EptoLE _ as _ ao _ as _ 

^  EatoiE _ ao _ as _ ao _ 

PuiMWidthLE  as _ ao _ ao _ 

Nota  1:  FIOOK  300  SariM  co«  MmpwaUrt  Mns  i»  limfuiit^d  by  ta»np«i*rt  aosking  (to  guarw^  >jnclon 
IwwedlMe^  atiar  pow^s^i.  -nis  preMdaa  “aoW  Mart*’  apMS  wtiah  can  be  aonMOared  a  worn  ossa  aoryflon  at  aoM 

Note  t  Sami  MM  on  (Mm  «  + 19^  onhr.  3ub9^ 

Main  r  flaiTM  taMad  (Uathod  a006,  TaWa  r)  on  aooh  +»t;  44,  and  at  +  and  -WC 

■•to  *  Not  tanad  ol  *^^TC  and  -*6*Ctamparalura  (doNgn  eharKt«bMon  cM^. 


ns  fiSfur9$3S4 

- 1.2.3 

nt  Ffsfjra$SS4 

ns  FtffLFBsSSS 

nt  Ff0tM9$9S5  1.2,3 

nt  HgurmSSd 

nt  Ffgur99Sd4  ^ 

ns  Figun$3S4 _ 

nt  Ffgurot3S4  4 

tornparaljr*  a^li  -48*0),  then  Mng 


tMfmaaaw,  tiii^oupa  A10  and  All 


Hill 


13 


illti 


Test  Circuitry  (ECL-to-TTL) 


f;W^^«flw^TW^paWh^n^nlwofo^^hb^^ngmol1tt^wdby^^POp^.*^^l  W««dbyti<ioopa*iSeafwiiat>w>.Wt>>n»Htn^^ 

niortto*4  w  «l»rr»l  600  p«»«ino»  trial  !»• 

i:  •Pii  TTL  Tf*-8*rt  piil  up  Pfiitah  l»  oorvi«olid  to  +7V  on|r  lor  2L  »id  U 
J:  m  Md  BCL  iQfOP  <p«li  «■  breu^  ID  t»  Ol/T  ^  aoo  oo«  Irm. 

^  !•  diGOiJpttrt  w  y^jnd  rPtt*  0,1  fJF,  Wa  ^  6tQ®up**d  to  fpounp  «W»  0J1  ond  Vco  ••  oonno<P*d  to  ground 

FIGURE  3.  EC5L^0-m  AC  Tett  CircuH 


Switching  Waveforms  (ECL-to-TTL) 


I  I  t  I  { 


I  I  I  I 


W  «$  V 


NtiK  n  n  b  UM.  tntf  QE  b  MQH 

noURE  4.  ECL-bhTTL  TrbrtbWoo  ■  Propbgbtoft  M«y  and  TmWdn  tlmM 


OUmJTDMILC 


cUnbUM.LEbMQH 


^  '^wtTTU 


FIGURE  S.  ECL^m  TruMKiorv  OE  to  TTLOulpti^  EnoMo  ond  CKooMo  Timoo 


VKCnOH  CONTROL 


B  Oe  b  HK3H,  L£  b  HOH 


FIGURE  d.  EC1.40-TTL  TyanoltlQn,  CNR  to  TTL  Output,  CNooWo  71m« 
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16 
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100328  Low  Power  Octal  ECL/TTL  Bi-Directional  Translator  with  Latch 


Physical  Dimensions  )nch«9(nniinnet)V8) 

M 


14A.fd  Quad  C«rpak  (F) 
MS  Peekago  Number  Wa4B 


Lin  supponr  poucr 

NATIONAL’S  PRODUCTS  ARE  NOT  AUTHORIZED  FOR  USE  AS  CRTRCAL  COMPONENTS  IN  UFE  SUPPORT 
DEVICES  OR  SYSTEMS  WITHOUT  THE  EXPRESS  WRITTEN  APPROVAL  OF  THE  PRESIDENT  OF  NATIONAL 
SEMKX>NDUCTOR  CORPORATION.  Ae  UMd  herein: 


1.  Life  support  devices  or  systems  are  devices  or 
aystemt  %vtiich,  (a)  are  intended  for  surgioai  implent 
hfo  me  body,  or  (b)  support  or  sustain  life,  and  wnose 
falure  to  peflorm,  vmen  property  used  In  ecoordanc# 
eitth  instrucSona  ter  use  providad  in  the  labeling,  can 
be  reasonably  expected  to  result  in  a  stgnTicant  infury 
to  the  ueer. 


2,  A  criticaJ  oorrtoonent  is  ary  component  of  a  life 
eupport  device  or  system  whose  failure  to  perterm  oen 
be  reasonabiy  expected  to  cause  me  failure  of  the  Ufa 
support  device  or  system,  or  to  affect  its  safety  or 
etfectveneta 
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Features 

•  3  Mcron  Radation  Hardened  SOS  CMOS 

>  Total  Dose  200K  RAO  (SO 

►  SEP  Effective  LET  No  Upsets:  >100  MEV-cm^/mg 

•  Single  Event  Upset  (SEU)  Immunity  <  2  x  10**  Errors/ 
Bit-Day  (Typ) 

•  Dose  Rate  Sunrivability:  >1 1 10^^^  RAD  (Si)/s 

•  Utch-Up  Free  Under  Any  Conditions 

-  Fanout  (Over  Temperature  Range) 

-  Staixiard Outputs- 10 LSTTL Loads 

•  Military  Temperature  Range:  -SS^C  to  +12S®C 

•  Significant  Power  Reduction  Compared  to  LSTTL  ICs 

•  DC  Operating  Voltage  Range:  4.5V  to  5.5V 

»  Input  Logic  Levels 

-  VIL  =  0.3  VCC  Max 

-  VIH  =  0.7  VCC  Min 

»  Input  Current  Levels  11 5  5^  at  VOU  VOH 

Description 

The  Harris  HC$138MS  is  a  Radiation  Hardened  3-to-8  line 
Decoder/Demuliplexer.  The  outputs  are  active  In  ttie  low 
slate.  Two  active  low  and  one  active  high  enables  (El,  E2, 
E3)  are  provided.  If  the  device  Is  enabled,  the  binary  inputs 
(AO,  A1,  A2)  determine  which  one  of  the  eight  normally  high 
outputs  will  go  to  a  low  logic  level. 

The  HCS138MS  ulilzes  advanced  CMOS/SOS  technology 
to  achieve  high-speed  operation.  This  device  Is  a  member  of 
radiation  hardened,  high-speed,  CMOS/SOS  Logic  Family. 

The  HCS138MS  is  supplied  in  a  16  lead  Ceramic  flatpack 
(K  suffix)  or  a  SBDIP  Package  (D  suffix). 


Ordering  Infamation 


HCS138MS 

Radiation  Hardened  Inverting 
3-to>8  Line  Decoder/Demultiplexer 


Pinouts 


IS  LEAD  CERAMIC  DUAL.W-LINE 
METAL  SEAL  PACKAGE  (SBDIP) 
MIL-STD<1835  COIP2.T16 
TOP  VIEW 

ao[7  igvcc 

A1  [I 

A2  [7  13^ 

ET[7  13^ 

0|T 

YT  Q  13  Y* 

GND  [7  7]  Yi 


16  LEAD  CERAMIC  METAL  SEAL 
FLATPACK  PACKAGE  (FLATPACK) 
MIL-STD-183S  CDFP4-F1S 
TOP  VIEW 


1  • 

1i 

2 

16 

S 

14 

4 

ia 

6 

12 

i 

11 

10 

PART  NUMBER 

TEMPERATURE  RANGE 

SCREENING  LEVEL 

HCS138DMSR 

-55°CtO+125®C 

Harris  Class  S  Equivalent 

HCS138KMSR 

-SS°CttJ.12S°C 

Harris  Class  5  Equivalent 

HCS138D/5ampie 

Sample 

HCS138K/Sample 

+25°C 

Sample 

HCS138HMSR 

+2S°C 

Die 

PACKAGE 


16  Lead  SBDIP 


16  Lead  Ceramic  Flatpack 


16  Lead  SBDIP 


16  Lead  Ceramic  Flatpack 


CAUTION:  These  devices  are  sensitive  to  electrostatic  discharge.  Users  should  follcw  proper  I.C.  Handling  Procedures. 
Copyright  ©  Hairis  Corporation  1995  - 
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Spec  Number  518751 


Specifications  HCS138MS 


Absolute  Maximum  Ratings 


Supply  Ntohage  (VCC) . -O.SV  to  +7.0V 

Input  Voltage  Ranga,  Al  Inputs . -O.SV  to  VCC  ^O.SV 

DC  Input  Current  Any  One  Input . ±10mA 

DC  Drain  Cirrert  Ar^  One  Output . ±25mA 

(All  Vokage  Reference  to  the  VSS  Terminal} 

Storage  Temperature  Range  (TSTG) . -6S°C  to  +150°C 

Lead  Temperature  (Soldering  lOsec) . +265°C 

Junction  Temperature  (TJ) . +175®C 

ESD  Classification . Class  1 


Reliability  Inrormation 

Thermal  Resistance  0ja  ^x: 

SBCXP  Package .  irCAN  2i°mi 

Cerarrtc  Fletpack  Package .  114°CW  29°C/W 

Maxlmun  Pad^  Power  Dissipation  at  +125^  Ambient 

SBCHP  Package . O.oaW 

Ceramic  Flatpack  Package . 0.44W 

If  device  power  exceeds  package  cfssipation  capabity  provide  heal 
sinking  or  derate  Inearly  at  the  folowing  rate: 

SBDIP  Package . 13.7mW/°C 

Ceramic  Flatpack  Package . 8.8mW/°C 


CAUTION:  AswhtidB  tmntcofductorf,  fijferf  undpr  ’Ab90tum  Muctmum  Rating$*  may  apptmd  to  timricos  (ono  m  a  tmm)  Mftthout  maul&yg  in  pormarmm 
demago,  TNs  is  a  strass  rating  only.  Exposura  to  absotuta  majornm  rating  condiOons  for  axtandaa  pariods  may  aNaa  do^  Tha  condidons  sstad 

undar  ^laaricai  Paiformanca  Charaaori sacs'  an  toa  only  cormons  racommandad  for  smisfaaoty  ctovk»  ppwatfcn . 


Operating  Conditions 

Supply  Vbitage . +4.5VtD+5.5V  Input  Low  Voltage  (VIL) . 0.0VtD3O%ofVCC 

)r^  Rise  and  Fall  Times  at  VCC  -  4.5V  (TR  TF) . 500ns  Max  Input  High  Voltage  (Vll^ . 70%  cT  VCC  to  VCC 

Operating  Temperature  Range  (Ta) . to  ♦125®C 


TABLE  1.  DC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTE1) 

CONDITIONS 

GROUP 

A  SUB¬ 
GROUPS 

TEMPERATURE 

UMITS 

UNITS 

■91 

MAX 

Quiescent  Current 

ICC 

VCC  «  5.5V, 
VlN-VCCorGND 

1 

♦25^ 

- 

40 

mA 

2,3 

+125°C.  -55“C 

• 

750 

mA 

Output  Cunert 
(Sink) 

lOL 

VCC-4.SV,VIH-4.SV, 
VOUT- 0.4V,  VIL -OV 

1 

♦25^ 

am 

- 

mA 

2,3 

♦125“C,  -55°C 

6.0 

- 

mA 

Output  Cun-ert 
(Source) 

lOH 

VCC  «  4.5V,  VIH  -  4.5V, 
VOUT  -  VCC  -0.4V, 
VIL-OV 

1 

+25^ 

D 

- 

mA 

2,3 

+125“C,  -55°C 

-6.0 

- 

mA 

Output  Voltage  Low 

VOL 

VCC  -  4.5V.  VI H  .  3.15V, 
lOL  -  50jiA,  VIL  ■  1.35V 

1,2,3 

+2S‘>C,  +125®C,  -55^ 

■ 

0.1 

■ 

VCC  -  5.5V.  V!H  -  3.85V, 
lOL- 50mA,  VIL -1.6SV 

1,2,3 

+25®C,  +125®C.  -55“C 

■ 

0.1 

■ 

Output  Voltage  High 

VOH 

VCC  -  4.5V.  VIH  -  3.1  SV, 
lOH  -  -SOtiA,  VIL  -  1.35V 

1,2.3 

+2S°C,  +125°^  -55“C 

VCC 

-0.1 

■ 

■ 

VCC  -  5.5V,  VIH  -  3.85V, 
lOH  -  -SOfiA,  VIL  -  1.65V 

1.2.3 

♦25^,  ♦125°C.  -SS^C 

VCC 

-0.1 

- 

■ 

Input  Leakage 

Current 

IIN 

VCC -5.5V.  VIN-VCCor 
GND 

1 

- 

±0.5 

ma 

2,  3 

♦125°C.  -55°C 

- 

±5.0 

mA 

Noise  Immunity 
Functional  Test 

FN 

VCC -4.5V, 

VIH  -  0.70CVCC), 
V1L-0.30(VCC)  (Note  2) 

7.8A,8B 

+25®C,  +125®C,  iSPC 

NOTES: 


1 .  All  voltages  reference  to  device  GND. 

2.  For  functional  tests  VO  ^  4.0V  is  recognized  as  a  logic and  VO  5  O.SV  b  recognized  as  a  logic  "O'. 
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Spec  Number  518751 


Specifications  HCS138MS 


TABLE  2.  AC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


(NOTES  1.  2) 


GROUP 
A  SUB¬ 


PARAMETER  SYMBOL  CONDITIONS  GROUPS  TEMPERATURE 


Address  to  Output  I  TPLH  I  VCC  -  4.5V 


TPHL  VCC  -  4.5V 


Enable  to  Output  TPLH  VCC  -  4.5V 


TPHL  VCC -4.5V 


NOTES: 

1 .  All  voltages  referenced  to  device  CND. 

2.  AC  mGasurwnents  assume  RL  -  5000,  CL  -  50pF,  Input  TR  -  TF  -  3ns.  VIL  -  GND,  VIH  "  VCC. 

TABLE  3.  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 


Capadcance  Power 
Dissipation 


SYMBOL  CONDITIONS 


CPD  VCC  -  5.0V,  f  -  IMHZ 


Input  Capacitance 

CIN 

VCC- 5.0V. 

Output  Transitkn 

Time 

TTHL 

TTLH 

VCC  -  4.5V 

NOTES 


1 


1 


1 


1 


1 


TEMPERATURE 


+25®C 


+125®C 


+25^ 


♦125°C 


♦2S<^ 


+125°C 


UMITS 

MAX  UNTTS 


28  I  m 


34  I  ns 


28  ns 


UMITS 

MAX  UNnS 


78 


1 .  The  parameters  Isted  In  Table  3  are  contfX)led  via  design  or  process  parameters.  Wn  and  Max  Llmts  ore  guaranteed  bU  not  direcay 
tested.  These  parameters  are  charactarteed  upon  inUat  desi^  release  and  upon  design  changes  which  affect  these  characteristics. 


TABLE  4.  DC  POST  RADIATION  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTES  1,  2) 

CONDITIONS 

TEMPERATURE 

Quiescent  Cunent 

ICC 

VCC  -  5.SV,  VIN  -  VCC  or  GND 

+25®C 

Output  Current  (Sink) 

lOL 

VCC  -  4.5V,  VIN- VCC  or  GND, 

VOUT  -  0.4V 

+25“C 

Output  Current 
(Source) 

lOH 

VCC  -  4.5V.  VIN  -  VCC  or  GND, 

VOUT  -  VCC  -0.4V 

+25®C 

200K  RAD 
UMITS 


MAX  UNITS 


0.75  mA 
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TABLE  4.  DC  POST  RADIATION  ELECTTUCAL  PERFORMANCE  CHARACTERISTICS  (Continued) 


200K  RAD 
UMTTS 


PARAMETER 

SYMBOL 

(NOTES  1.  2) 

CONDITIONS 

TEMPERATURE 

Output  Voltage  Low 

VOL 

VCC  -  4.5V  and  5.5V,  VIH  -  0.70(VCC), 

VIL  -  0.30(VCC),  lOL  -  50)iA 

+25*0 

Output  Voltage  High 

VOH 

VCC  -  4.SV  and  5.5V,  VIH  e  0.70(VCC), 

VIL  -  0.30(VCC),  lOH  -  -50nA 

+25‘C 

Input  Leakage  Current 

IIN 

VCC  -  5.5V,  VIN  -  VCC  or  GND 

♦25'C 

Noise  knnmj% 
Fmctlonal  Test 

FN 

VCC  -  4.5V,  VIH  ■  0.70(vcq, 
VIL-0.30(VCC),  (Now  3) 

+25°C 

Address  10  Output 

TPLH 

VCC-4.SV 

+25®C 

TPHL 

VCC  -  4.5V 

+25*C 

Enable  to  Output 

TPLH 

VCC -4.5V 

+25^0 

TPHL 

VCC  -  4.5V 

♦2S^ 

NOTES: 

1.  All  voltages  referenced  to  device  ON D. 

2.  AC  measuremencs  assume  RL  ■  SOOU  CL  -  50pF.  Input  TR  «  TF  »  3ns,  VIL  ■  GND,  VIH  -  VCC. 

3.  For  functional  tests  VO  2  4.0V  Is  recognized  as  a  logic  'I*,  and  VOS0.5V  Is  recognized  asa  logic  V. 


TABLE  S.  BURN-IN  AND  OPERATING  UFE  TEST,  DELTA  PARAMETERS  (+25®C) 


PARAMETER 

GROUPS 

SUBGROUP 

DELTA  UMIT 

ICC 

5 

12mA 

lOL/lOH 

5 

-15%  of  0  Hour 

TABLE  «,  APPLICABLE  SUBGROUPS 


CONFORMANCE  GROUPS 


Initial  Test  (Prebum-In) 


Interim  Test  I  (Postbum- In) 


Interim  Test  0  (Postbum-In) 


PDA 


Interim  Test  IH  (Postbum-ln) 


PDA 


Final  Test 


Group  A  (Note  1) 


Group  B  Subgroup  B-5 

Subgroup  5-6 


READ  AND  RECORD 


ICC,  10L7H 


ICC.  lOUH 


ICC,  lOL/H 


ICC,  lOL/H 


METHOD  GROUP  A  SUBGROUPS 


100%/5004  1.7,9 


100%/5004  1,  7.  9 


100%/5004  1.7,9 


100%/5004  1,  7.  9,  Deftas 


100%/5004  1,7,9 


100%/5004  1,  7, 9,  Deltas 


100%/5004  2,  3.  BA.  SB.  10.  11 


Sample/500S  1,  2.  3,  7,  8A.  88,  9. 10, 11 


San^le/5005  1.  2,  3.  7.  8A.  88.9. 10, 11,  Deltas  |  Subgroups  1,  2. 3,9, 10, 11 


Sample/5005  1,  7, 9 


Sample/5005  1,7,9 


Group  D 


NOTE: 

1.  Alternate  group  A  Inspection  In  accordance  ^th  method  5005  of  Mll-STD-883  may  be  exercised 
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TABLE  7.  TOTAL  DOSE  IRRADIATION 


CONFORMANCE 

GROUPS 

METHOD 

TEST 

READANC 

)  RECORD 

PRE  RAD 

POST  RAD 

PRE  RAD 

POST  RAD 

Group  E  Subgroup  2 

5005 

1,7,9 

Table  4 

1,9 

Tabte  4  (Nola  1) 

I 

1.  Exoepc  FN  test  which  wll  be  perfbmifid  100%  Go/No-Go. 


TABLE  8.  STATIC  AWD  DYNAMIC  BURN-IN  TEST  CONNECTIONS 


OPEN 

GROUND 

VCC -3V±  0.5V 

VCC-6V10.SV 

OSCILLATOR 

SOIcHz 

25kHz 

STATIC  BURN-IN  I  Tt 

:ST  CONNECTIONS  (N 

kxa  1) 

7,9-15 

1  -6,8 

16 

STATIC  BURN-IN  II  TEST  CONNECTIONS  (Note  1) 

7,9-15 

8 

- 

1  -6, 16 

- 

- 

DYNAMIC  BURN-IN  TEST  CONNECTIONS  (No®  Z) 

4,  5,8 

7,9-15 

3,  6,  16 

2 

’  J 

NOTES: 

1.  Each  pin  except  VCC  and  GND  wil  hove  a  resistor  of  10KO  ±  5%  for  static  bunvin 

2.  Each  pin  except  VCC  and  GND  wil  have  a  resistor  of  6S0Q  ±  5%  for  dynamic  bum-in 


TABLE  9.  IRRADIATION  TEST  CONNECTIONS 


GROUND 

VCC-5V±0.5V 

8 

1  -6,16 

NOTE :  Each  pin  except  VCC  and  GND  wll  have  a  resistor  of  47Kfl  ±  5%  for  Irradiation  testing. 
Group  E,  Subgroup  2,  sample  size  Is  4  dlce/Wafer  0  faitures. 
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HCS138MS 


Harris  Space  Lewi  Product  Flow  -  'MS' 

Wafer  Lot  Acceptance  (Ail  Lots)  Method  S007 
Oncludes  SEM) 

GAMMA  Radiation  Verification  (Each  Wafer)  Method  1019, 

4  Samples/Wafer,  0  Rejects 
100%  Nondestructive  Bond  Pull,  Method  2023 
Sample  -  Wire  Bond  Pull  Monitor,  Method  2011 
Sample  -  Die  Shear  Monitor,  Method  2019  or  2027 
100%  Internal  Visual  Inspection,  Mrthod  2010,  Condition  A 

100%  Temperature  Cyde,  Method  1010,  Condition  C, 

10  Cycles 

100%  Constant  Acceleration,  Method  2001,  Condition  per 
Method  5004 

100%  PIND,  Method  2020,  Condition  A 
100%  External  Visual 
100%  Serialization 
100%  Initial  Electrical  Test  (TO) 

100%  Static  Bum-In  1,  Condition  A  or  B,  24  hrs.  min., 
+126‘’C  min,.  Method  1016 


100%  Interim  Electrical  Test  1  (T1) 

100%  Delta  Calculation  (T0-T1) 

100%  Static  Bum-In  2,  Condition  A  or  B,  24  hrs,  min., 
+125®Cmln.,  Method  1015 

100%  Interim  Electrical  Test  2  (T2) 

100%  Delta  Calculation  (T0-T2) 

100%  PDA  1 ,  Method  5004  (Notes  land  2) 

100%  Dynamic  Bum-In,  Condition  D,  240  hrs.,  +125°C  or 
Equivalent,  Method  1015 
100%  Interim  Electrical  Test  3  (T3) 

100%  Delta  Calculation  (T0-T3) 

100%  PDA  2.  Method  5004  (Note  2) 

100%  Final  Electrical  Test 

100%  Fine/Gross  Leak.  Method  1014 

100%  Radiographic,  Method  2012  (Note  3) 

100%  External  Visual,  Method  2009 
Sample  -  Group  A,  Method  5005  (Note  4) 

100%  Data  Package  Generation  (Note  5) 


NOTES: 

1.  Failures  from  Interim  electrical  test  1  and  2  are  combinGd  for  detemiining  PDA  1. 

2.  Failures  from  subgroup  1 . 7. 9  and  deltas  are  used  for  calculating  PDA.  The  maximum  alowabte  PDA  -  5%  wkh  no  more  than  3%  of  the 
fellies  from  subgroup  7. 

3.  RadlograpNc  (X-Ray)  Inspection  may  be  performed  at  any  point  after  sertalzarion  as  alonred  by  Method  5004. 

4.  Alternate  Group  A  testing  may  be  perfomied  as  slowed  by  MIL-STD-883,  Mohod  5005. 

5.  Data  Packaga  Conlants: 

•  Cover  Sheet  (Harrte  Name  andfar  Logo,  P.O.  Number,  CiiStomer  Part  Number,  Lot  Date  Code,  Harris  Part  Number,  Lot  Number,  Quan%). 

•  Wafer  Lot  Acceptance  Report  (Method  SOOT).  Indudes  reproductkins  of  SEM  photos  with  percent  of  step  coverage. 

•  GAMMA  Radiation  Report  Coniains  Cover  page,  disposition,  Rad  Dose,  Loi  Number,  Test  Package  used,  Spedfcarion  Numbers,  Te* 
equipment  etc.  Radtotion  Read  and  Record  data  on  fie  at  Harris. 

•  X-Ray  report  arid  fikn.  indudes  penrtrometer  measurements. 

•  Screening,  Electrical,  and  Group  A  attribues  (Screening  attributes  begin  after  package  seai). 

•  Lot  Serial  Nuni>er  Sheet  (Good  unks  serial  number  and  kx  number). 

•  \feriabtes  Data  (Al  Deka  operations).  Data  is  ktendfied  by  serial  number.  Data  header  indudes  lot  number  and  date  of  test 

•  TheCertTicateofConfonTiarwbapartofthesNppingirTvoicoardbnotpartoftheDataBooicTheC^rtircateofCoriforiTianceba^^ 

by  an  audx>i1zed  Qualty  Representative. 
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Die  Characteristics 

DIE  DIMENSIONS: 

85x101  mils 

METAUJZATION: 

Type:  SiAl 

Metal  Thickness:  11  kA±1kA 

GLASSIVATION: 

Type:  Si02 

Thickness:  13kA±2.6kA 

WORST  CASE  CURRENT  DENSITY: 
<2.0  X  10®A/cm^ 

BONO  PAD  SIZE: 
lOO^mxIOOpm 
4x4  mils 

Metallization  Mask  Layout 
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Features 

•  3  Micron  Radiation  Hardened  SOS  CMOS 

•  Total  Dose  200K  RAO  (Si) 

>  SEP  Effective  LET  No  Upsets:  >100  MEV-cm^/mg 

•  Single  Event  Upset  (SEU)  Immuni^  <  2  *  KT*  Errors/Bit- 
Day  (Typ) 

•  Dose  Rate  Survivability:  >1  x  10^^  RAD  (Si)/s 

•  Dose  Rate  Upset  >10^^  RAD  (SQ/s  20ns  Pulse 

•  Latch4Jp  Free  Under  Any  Conditions 

•  Fanout  (Over  Temperature  Range) 

•  Bus  Driver  Outputs  - 15  LSTTL  Loads 

•  Militaiy  Temperature  Range: -SS*C  to +12S*C 

•  Significant  Power  Reduction  Compared  to  LSTTL  ICs 

•  DC  Operating  Voltage  Range:  4.5V  to  S.SV 

•  Input  Logic  Levels 

■  VIL  =  0.3  VCC  Max 
-  VIH  =  a7VCCMin 

•  Input  Currert  Levels  li  i  SpA  at  VOU  VOH 

Description 

The  Hwrls  HCS573MS  is  a  Radiation  Hardened  octal  transpar¬ 
ent  three-state  latch  with  an  active  low  output  enable.  The 
HCSS73MS  utilizes  advanced  CMOS/SOS  technology.  The 
outputs  are  transparent  to  the  inputs ^en  the  Latch  Enable  (LE) 
is  HIGH.  When  the  Latch  En^e  (LE)  goes  LOW,  the  data  is 
latched.  The  Output  EnaWeJOE)  controls  the  tri-state  outputs. 
When  the  Output  Enable  (OE)  is  HIGH,  the  outputs  are  in  the 
high  impedance  state.  The  latch  operation  Is  independent  of  the 
state  of  the  Output  Enable. 

The  HCS573MS  utilizes  advanced  CMOS/SOS  technology  to 
acNeve  high-speed  operation.  This  device  is  a  member  of 
radiation  hardened,  high-speed.  CMOS/SOS  Logic  Family. 

The  HCS573MS  is  supplied  in  a  20  lead  Ceramic  flatpack 
(K  suffix)  or  a  SBDIP  Package  (D  suffix). 


Ordering  information 


PART  NUMBER 


HCS573DMSR 


HCS573KMSR 


HCS573D/Sampte 


HCS573K/Sampte 


HCS573HMSR 


Pinouts 

20  LEAD  CERAMIC  DUAL-IN-UNE 
METAL  SEAL  PACKAGE  (SBDIP) 
MIL'STD-1835  CDIP2-T20,  LEAD  RNISH  C 
TOP  VIEW 


D7[9 

GNOlio 


20  LEAD  CERAMIC  METAL  SEAL 
FLATPACK  PACKAGE  (FLATPACK) 
M1L-STD-1B35  CDFP4.F20,  LEAD  FINISH  C 
TOP  VIEW 


TEMPERATURE  RANGE 

SCREENING  LEVEL 

-5S'’CtO+125“C 

Harris  Class  S  Equivalent 

-5S°CtO+12S°C 

Harris  Class  S  Equvaler« 

+25“C 

Sample 

♦2S“C 

Sample 

+2SOC 

Die 

PACKAGE 


20  Lead  SBDIP 


20  Lead  Ceramic  Flatpack 


20  Lead  SBDIP 


20  Lead  Ceramic  Flatpack 


CAUTION:  These  devices  are  sensitive  to  electrostatic  discharge.  Users  should  follcw  proper  I.C.  Handling  Procedures. 
Copynght  ©  Harris  Corporation  1995  w 
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Absolute  Vlaximum  Ratings 


Specifications  HCS573MS 


Reliability  Information 


Supply  VtoltageIVCC) . 4).5VtoW.0V  ThemialResl^nca  6^  Bx 

InpUVotage  Range,  Al  Inputs . ^.5V  to  VCC +0.5V  SBDIP  Package . 

DC  Input  Current  Any  One  topui . ±10mA  Ceramic  Fl^ck^cka^. 

DC  Drah  Current  Any  One  Output . ±25mA  Maximini  Package  Poerer  DIsspation  at +125*^  Amblere 

(All  Voltage  Reference  to  the  VSS  Terminal)  . niiw 

Storage  Tempetature  Range  (TSTG) . -65®C  to  +150®C  Ceramic  Flaipack  Package  . . .  •  . . L  '  h-  < 

Lead  T^e^  (Soldering  lOsec) . *26500  If  ttevico  power  exceeds  package  (fcslpatktocapabityp^ 

JuKtlonTemperatirefrJ) . *1750C  elnktogor^  Inearlyetthefolowing  rate: 

ESD  Classification . Ctess  1  SBDIP  . . 

Ceramic  Flatpack  Package . 9.3mwr'C 

CAUTION:  As  mnleonaueten.  amaa  Satad  unOar  'AbaeMa  Maximum  Radnga' may  ba  appHaa  »  davtaa  (onaata  ma)  wiOKUl  raMNng  Inpamm^ 

damage.  TNa  la  a  adeaa  rating  only,  exfioaixato  abaotue  maximum  rating  eondieons  terexandad  periods  may  atha  deuiea  laHamy.  The  condmons  Haled 

under  'Slecoical  Periommc*  Charaaensdes" am  the  only  conditions  racommendad  for  sateJiKfory  dewce  eperatron.. _ _ 


Operating  Conditions 

SuDotv  Vbltaoe  (VCC) . *4-5V  to  +5.5V  Input  Low  Voltage  (VIU . 0.0V  to  J0%  of  WC 

Input  Rise  and  Fall  Timas  at  VCC- 4.5V  (TR,TF) . SOOwMax  InpuHIgh  Voltage  (VI H) . 70%  of  VCC  to  VCC 

Operating  Temperature  Range  (Tf) . -SSt  to  ♦12S®C  _ 


TABLE  1.  DC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 


QuiescsnL  CurTBnt 


Output  Currvnt 
(Sink) 


Output  Curronc 
(Soun») 


Output  Voltage  Low 


Output  Voltage  High 


Input  Leakage 
Curreni 


Output  Leakage 
Current 


Noise  Immunity 
Functional  Test 


SYMBOL 


ICC 


(NOTE  1) 
CONDITIONS 


VCC  -  5.5V, 
VIN-VCCorGND 


VCC  -  4.SV,  VIH  -  4.SV, 
VOUT-0.4V,V]L-0V 


VCC  -  4.5V,  VIH  «  4.5V, 
VOUT  -  VCC  -0.4V, 
V1L-0V 


VCC  -  4.5V,  VIH  «  3.15V, 
IOL-50jiA,  V1L«  1.35V 


VCC  -  5.5V.  VIH  -  3.85V, 
IOL-50pA,  VIL-  1.65V 


VCC  -  4.5V,  VIH  -  3.15V, 
lOH  -  -50pA.  VIL  -  1.35V 


VCC  -  5.5V.  VIH  -  3.85V, 
lOH  -  -SOpA,  VIL  -  1.65V 


VCC  -  5.5V.  VIN  -  VCC  Of 
GND 


VCC -5.5V.  VIN -OV  or 
VCC 


VCC  •4.5V, 

VIH  -  0.70(VCC). 

VIL  -  0.30(VCC)  (Note  2) 


GROUP 
A  SUB¬ 
GROUPS 


TEMPERATURE 


1 

+25®C 

2,3 

+125®C,  -55°C 

1 

♦25“C 

2,3 

+125®C,  -55°C 

1 

+2S“C 

2,3 

+125“C.  -55®C 

1,2,3 

+25°C.  +125®C,  -55°C 

1,2.3 

+25“C,  +125°C.  -55°C 

1,2,3 

♦2S®C,  +125®C,  -SS^C 

1.2.3 

+2S®C,  +12S°C,  -SS^C 

1  1 

+25®C 

2.3 

+125“C,  -55®C 

1 

+25®C 

2.3 

+125®C. -55“C 

7,  aA,  8B 

»25®C,  »12S°C,  -55®C 

UMITS 

MAX  UNTTS 


40 


±0.5 

ma 

±5.0 

pA 

±1.0 

mA 

±50 

mA 

1 .  Ail  voltages  reference  to  device  GND. 

2.  For  functional  tests  VO  ^  4.0V  Is  recognized  as  a  logic  *1 and  VO  s  0.5V  Is  recognized  as  a  logic  "O'. 
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Specifications  HCS573MS 


TABLE  Z  AC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


(NOTES  1.  2) 
CONDITIONS 

GROUP 

A  SUB¬ 
GROUPS 

UMiTS 

PARAMETER 

SYMBOL 

TEMPERATURE 

MAX 

UNTTS 

Data  to  On 

TPLH 

TPHL 

VCC  •  4.5V 

9 

+25^ 

2 

24 

ns 

10,11 

+125°C.  -5SOC 

2 

29 

ns 

LEtoQn 

TPLH 

VCC  -  4.5V 

9 

+25^ 

2 

27 

ns 

10,11 

♦125®C,  .5S®C 

2 

35 

ns 

TPHL 

VCC  .  4.5V 

9 

♦25^ 

2 

31 

ns 

10,11 

♦125“C.  -5S®C 

2 

40 

ns 

Enable  to  OutpU 

TPZL 

VCC -4.5V 

9 

♦2S^ 

2 

27 

ns 

10,11 

♦125“C.  -55“C 

2 

33 

ns 

TPZH 

VCC -4.5V 

9 

+25^ 

2 

24 

ns 

10,11 

♦125®C,  •55®C 

2 

29 

ns 

Dbabloto  Output 

TPU 

VCC  -  4.5V 

9 

+25®C 

2 

25 

ns 

10,11 

+125“C,  -5S°C 

2 

29 

ns 

TPH2 

VCC -4.5V 

9 

+25^ 

2 

21 

ns 

10,11 

♦125*^:,  -5S“C 

2 

25 

ns 

NOTES; 

1.  All  voltages  reforerKsd  to  device  ON  D. 

2.  AC  medsuremencs  assume  RL  -  500a  CL  -  50pF.  Input  TR  -  TF  -  3ns.  VIL  -  GND.  V1H  «  VCC. 


TABLE  X  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 

SYMBOL 

coNomopis 

NOTES 

TEMPERATURE 

Capacitance  Pamr 
Dissipation 

CPD 

VCC- 5.0V, f-IMHz 

1 

+25^ 

1 

+125®C.  -55‘’C 

input  Capacitance 

CIN 

VCC  -  5.0V,  f- 1MHz 

1 

+25°C 

1 

+125“C.  -55®C 

Output  Transition 

TTHL 

TTLH 

VCC  -  4.5V 

1 

♦25^ 

1 

+12S®C,  •55®C 

Setup  Tme  Data  to 

LE 

TSU 

VCC -4.5V 

1 

+25^ 

1 

+125<C.  -SS^C 

Hold  Time  Data  to 

LE 

TH 

VCC -4.5V 

1 

+25®C 

1 

PUse  Width  L£ 

TW 

VCC  -  4.5V 

1 

+2S®C 

1 

+125®C.  -SS^C 

1 .  The  pefamecers  Isted  in  Table  3  are  controAed  via  design  or  process  parameters.  Min  and  Max  Limits  are  guaranteed  bu  not  directly 
tested.  These  parameters  are  characterized  upon  initial  desi^  release  and  upon  design  changes  which  afTect  these  characteristics. 


Specifications  HCS573MS 


TABLE  4.  DC  POST  RADIATION  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


SYMBOL 


ICC 


lOL 


(NOTES  r  2) 
CONDITIONS 


VCC  -  5.5V,  VIN  -  VCC  or  GND 


VCC  -  4.5V,  VIN  -  VCC  or  GND. 
voLrr-o.4V 


VCC  -  4.5V.  VIN  -  VCC  or  GND, 
VOUT-VCC  -0.4V 


VCC  -  4.5V  or  5.SV,  V1H  -  0.70(VCC), 
V!L-0.30(VCC),  lOL-SOnA 


VCC  -  4.5V  or  5.SV,  VIH  -  0.70(VCC), 
VIL  -  0.30(VCC),  lOH  -  -SOjiA 


VCC  -  5.5V,  VIN  -  VCC  or  GND 


Appilod  Voltage  -  OV  or  VCC,  VCC  -  5.5V 


TEMPERATURE  MIN 


+25^ 


VCC  -  4.5V,  VIH  -  0.70(VCC), 
VIL  -  0.30(VCC),  (Note  3) 


PARAMETER 


Quioscom  Current 


Output  Curenc  (Sink) 


Output  Current 
(Source) 


Output  Voltage  Low 


Output  Voltage  High 


Input  Leakage  Current 


Tii-State  Oupu 
Leakage  Cunent 


Nobe  Immunlv 
Functional  Teal 


Data  to  Qn 


LENteQn 


Enable  to  Output 


Disable  to  Outpu 


NOTES: 

1.  All  witages  referericed to  ctesto  GND. 

2.  AC  measuremente  assume  RL  ■  500IX  CL  -  50pF.  InpuTR  -  TF  -  3ns,  VIL  -  GND.  VIH  «  VCC. 

3.  For  functional  tests  VO  2  4.0V  is  recognized  as  a  logic  *1*.  and  VO  s  0.5V  is  recognized  as  a  logic  "O'. 

TABLE  5.  BURN-IN  AND  OPERATING  LIFE  TEST,  DELTA  PARAMETERS  (+25°C) 


MAX  I  UMTS 


TPHL  VCC  -  4.5V 
TPLH 


TPLH  VCC  -  4.5V 


TPHL  VCC  -  4,5V 


VCC -4.5V 


TPZH  VCC  -  4.5V 


VCC -4.5V 


TPHZ  I  VCC-4.SV 


PARAMETER 

GROUPS 

SUBGROUP 

DELTA  UMIT 

ICC 

5 

^2nA 

KXyiOH 

5 

-15%  Of  0  Hour 

I0ZL7102H 

5 

±200nA 

±5 

pA 

±50 

mA 

■ 

■ 

29 

ns 

35 

ns 

40 

ns 

33 

ns 

29 

ns 

29 

ns 

25 

ns 
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TABLES.  APPLICABLE  SUBGROUPS 


METHOD 

GROUP  A  SUBGROUPS 

100%/5004 

1.  7,9 

100%/5004 

1,7,9 

100%/5004 

r  7,9 

100%/5004 

1, 7. 9.  Dekas 

100%/5004 

1.  7,9 

100%/5004 

1,  7,  9,  Dekas 

100%/5004 

2,3,  BA,8B.  10,11 

Sample/SOOS 

1, 2. 3,  7. 8A,  88, 9. 10, 11 

Sample/5005 

1,  2.  3. 7,  8A,  SB,  9, 10, 11,  Dallas 

Sample/5005 

1,7,9 

Sample/SOOS 

1,  7,9 

CONFORMANCE  GROUPS 


Initial  Test  (Prebum-In) 


IntfirlmTest]  (Postbunvin) 


interim  Test  D  (Poscbum-tn) 


PDA 


Interim  Test  m  (Postbunvin) 


PDA 


Rnal  Test 


Group  A  (Note  1) 


Group  B  Subgroup  B-5 

Subgroup  B-S 


Group  D 


NOTES: 

1 .  Altemate  Group  A  testing  In  accordance  with  method  5005  of  MIL-STD-6B3  may  be  exerdsed. 

2.  Table  5  parametars  only. 


READ  AND  RECORD 


ica  lOlTH 


ICC,  lOUH 


ICC,  lOL/H 


TABLE  7.  TOTAL  DOSE  IRRADIATION 


CONFORMANCE 

GROUPS 


Group  E  Subgroup  2 


NOTE: 

1.  Except  FN  test  which  wll  be  peifbmied  100%  Go/No-Go 


TEST 

READ  AND  RECORD 

METHOD 

PRE  RAO 

POST  RAD 

PRE  RAD 

POST  RAD 

5005 

1,7,9 

Table  4 

1,9 

Table  4  (Note  1) 

TABLE  e.  STATIC  AND  DYNAMIC  BURN-IN  TEST  CONNECTIONS 


GROUND  1/2  VCC-3V±  0.5V  VCC>eV±0.5V 


OSCILLATOR 


STATIC  BURN-IN  I  TEST  CONNECTIONS  (Note  1) 


STATIC  BURN-IN  II  TEST  CONNECTIONS  (Note  1) 


DYNAMIC  BURN-IN  TEST  CONNECTIONS  (Note  2) 


NOTES: 

1.  Each  pin  except  VCC  and  GNDwfll  have  a  resistor  of  lOlcOt  5%  for  static  bunvln 

2.  Each  pin  except  VCC  and  GND  wii  have  a  resistor  of  68QQ  ±  S%  for  dynamic  bum-in 


TABLE  9.  IRRADIATION  TEST  CONNECTIONS 


GROUND  VCC  ■  5V  ±  0.5V 


10  1-0,11,20 


NOTE:  Each  pin  except  VCC  and  GND  wll  have  a  resistor  of  47KQ  ±  5%  for  Irradiation  testing. 
Group  E.  Subgroup  2,  sample  size  b  4  diceAMater  0  failures. 
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Harris  Space  Level  Prodixt  Flow  -  'MS' 

Wafer  Lot  Acceptance  (All  Lots)  Method  S007 
(Includes  SEM) 

GAMMA  Radiation  Verification  (Each  Wafer)  Method  1019, 

4  Samples/Wafer,  0  Rejects 
100%  Nondestructive  Bond  Pull.  Method  2023 
Sanple  -  Wire  Bond  Pull  Monitor,  Mrthod  2011 
Sample  -  Die  Shear  Monitor,  Method  2019  or  2027 
100%  Internal  Visual  Inspection,  Method  2010,  Condition  A 
100%  Temperature  Cycle,  Method  1010,  Condition  C, 

10  Cycles 

100%  Constant  Acceleration,  Method  2001,  Condition  per 
Method  5004 

100%  PIND,  Method  2020,  Condition  A 
100%  External  Visual 
100%  Serialization 
100%  Initial  Electrical  Test  (TO) 

100%  Static  Bum-In  1,  Condition  A  a  B,  24  hrs.  min., 
+125°C  min,.  Method  1015 


100%  Interim  Electrical  Test  1  (T1) 

100%  Della  Calculation  (T0-T1) 

100%  Static  Bum-In  2,  Condition  A  or  B,  24  hrs.  min., 
+125*C  mln..  Method  1015 
100%  Interim  Electrical  Test  2  (T2) 

100%  Delta  Calculation  (T0-T2) 

100%  PDA  1 ,  Method  5004  (Notes  land  2) 

100%  Dynamic  Bum-In,  Condition  D,  240  hrs.,  +125°C  or 
Equivalent,  Method  1015 
100%  Interim  Electrical  Test  3  (T3) 

100%  Delta  Calculation  (T0-T3) 

100%  PDA  2,  Method  5004  (Note  2) 

100%  Final  Electrical  Test 

100%  Rne/Gross  Leak,  Method  1014 

100%  Radiographic,  Method  2012  (Note  3) 

100%  External  Visual,  Method  2009 
Sample  -  Group  A,  Method  5005  (Note  4) 

100%  Data  Package  Generation  (Note  5) 


NOTES: 

1.  FaikiBS  from  Interim  electrical  test  land  2  are  coinblned  for  detentlining  PDA  1. 

2.  Failures  from  subgroup  1,7.9  «id  deltas  are  used  for  calculating  PDA.  The  maximum  alowable  PDA  -  5%  wkh  no  more  than  3%  of  the 
faluresfrom  subgoup  7. 

3.  Radiographic  (X-Ray)  Inspection  may  be  performed  at  any  poll*  alter  serialzation  as  akwed  by  Method  5004. 

4.  Alternate  Group  A  testing  may  be  pertornied  as  alowed  by  MIL-STD-883,  Method  5005. 

5.  Data  Package  ContarXs: 

.  Cover  Sheet  (Harris  Name  arxUor  Logo,  P.O.  Number,  Customer  Part  Number,  Lot  Data  Code.  Harrb  Part  Number,  Lot  Number,  Quanta). 

•  wafer  LotAcoaptonce  Report  (Method  SOOT).  Indudesreproductlonsaf  SEM  photos  eilth  percent  of  step  coverage. 

•  GAMMA  Radiation  Report  Coitains  Cover  page,  dfeposWon,  Rad  Dose,  Lot  Number,  Test  Package  used,  Spedflcailon  Numbers,  Tea 
equipment  ek:.  RadMbn  Read  arxl  Racorri  data  on  fie  at  Hants. 

.  X-Ray  report  and  flkn.  Includes  penoromeBT  maasuremems. 

•  Screei^ng,  Electrical,  and  Group  A  anribues  (Screening  attrfcutas  begin  after  package  seal). 

•  Ijot  Serial  Nurrber  Sheet  (Good  links  serial  niniber  and  kx  number). 

•  \feriabtes  Data  (Al  Delta  operations).  Data  is  idondfied  by  serial  number.  Data  header  Indudes  kx  number  and  date  of  test 

•  The  Conificate  of  CorVormanceba  part  of  the  shipping  Involeo  and  b  not  part  of  the  Data  Book.  The  Certificate  of  Conformance  b  signed 

by  an  authorized  Dually  Representative. 
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Three-State  Low  Timing  Diagram 


VH 

VL 

V02. 

VOL 


VS 


MPUT 


TP2L 


TPLZ 


THREE-STATE  LOW  VOLTAGE  LEVELS 


PARAMETER 

HCS 

UNITS 

VCC 

4.50 

V 

VIH 

4.50 

V 

VS 

Z.25 

V 

VT 

2.25 

V 

VW 

0.90 

V 

GND 

0 

V 

1 

r/inw-Sfate  HighTiming  Diagram 


Three-State  Low  Load  Circuit 

vcc 


DOT 


CL-MpF 

RL-mn 


RL 


TEST 

POttTT 


CL 


Three-State  High  Load  Circuit 

DOT 


TEST 

POINT 


THREE-STATE  HIGH  VOLTAGE  LEVELS 


PARAMETER 

HCS 

UNITS 

VCC 

4.50 

V 

VIH 

4.50 

V 

VS 

2.25 

V 

VT 

2.25 

V 

3.60 

V 

HCSS73MS 


Die  Characteristics 

DIE  DIMENSIONS: 

101  X  85  mils 

METALUZATION: 

Type:  SiAl 

Metal  Thickness:  11kA±  IkA 

GLAS5IVAT10N: 

Type:  Si02 

Thickness:  13kA  ±  2,6kA 

WORST  CASE  CURRENT  DENSITY: 

<2.0  X  lO^A/cm^ 

BOND  PAD  SIZE: 
lOQpmxIOCHun 
4x4  mils 

Metallization  Mask  Layout 

HCS573MS 


DO  VCC  00 

m  <i)  C2oi  <i8) 
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SEMICONDUCTOR 


August  1995 


Features 

•  3  Micron  Radiation  Hardened  CMOS  SOS 

•  Total  Dose  200K  RAO  (SQ 

•  SEP  Effective  LET  No  Upsets:  >100  MEV-cm^/mg 

•  Single  Event  Upset  (SEU)  Immunity  <  2  x  10**  Errors/ 
Bit-Day  (Typ) 

•  Dose  Rate  Survivability:  >1  x  10''^  RAO  (SO/s 
«  Dose  Rate  Upset  >10'^  RAO  (SO/s  20ns  Pulse 

•  Latch-Up  Free  Under  Any  Conditions 

•  Fanout  (Over  Temperature  Range) 

-  Bus  Driver  OutpuU  - 15  LSTTL  Loads 

•  Mlitaiy  Temperature  Range:  -55®C  to  +125*C 

•  SigniTicanl  Power  Reduction  Compared  to  LSTTL  ICs 

•  DC  Operating  Voitage  Range:  4.5V  to  5.5V 

•  LSTTL  Input  Compatibiiity 

-  VILs0.8VMax 

-  VIH  =  VCC/2  Min 

•  input  Current  Levels  li  i  SuA  at  VOL,  VOH 

Description 

The  Harris  HCTS541MS  is  a  Radiation  Hardened  non- 
inverting  octal  buffer/line  driver,  three-state  oiXputs.  The 
output  enable  pins  (OEN1  and  OEN2)  control  the  three-state 
outputs.  If  either  enable  Is  high  the  outputs  will  be  in  the  Ngh 
impedance  state.  For  data  output  both  enables  (OEN1  and 
OEN2)  trust  be  low. 

The  HCTSS41MS  utilizes  advanced  CMOS/SOS  technology 
to  achieve  high-speed  operation.  This  device  is  a  member  of 
radiation  hardened,  high-speed,  CMOS/SOS  Logic  Family. 

The  HCTS54  is  supplied  in  a  20  lead  Ceramic  ftatpack 
(K  suffix)  or  a  SBDIP  Package  (D  suffix). 


Ordering  Information 


HCTS541MS 

Radiation  Hardened  Non-Inverting 
Octal  Buffer/Line  Driver,  Three-State 


Pinouts 


20  LEAD  CERAMIC  DUAL-M-LINE 
METAL  SEAL  PACKAGE  (SBWP) 
MIL-STD-183S  CDIP2-T20 
TOP  VIEW 


20  LEAD  CERAMIC  METAL  SEAL 
FLATPACK  PACKAGE  (FLATPACK) 
MIL-STD-1635  COFP4-F20 
TOP  VIEW 


20 

2 

19 

3 

19 

4 

17 

3 

16 

i 

19 

7 

14 

• 

13 

• 

12 

10 

11 

PART  NUMBER 

TEMPERATURE  RANGE 

HCTS541DMSR 

-55°CtD+125°C 

HCTS541KMSR 

-SS^CtO+IZS^C 

HCTS541D«arTple 

♦25°C 

HCTS541K/Sanipte 

+25°C 

HCTS541HMSR 

♦2S®C 

SCREENING  LEVEL 


Harm  Clasa  S  Equivatem 


Harris  Class  S  Equ^aienc 


Sample 


Sample 


CAUTION;  Those  devices  are  sensitive  to  eiectrosiatic  discharge.  Users  should  follCMf  proper  l.C.  Handling  Procedures. 
Copyrighr  ©  Hanls  Corporation  1995 


PACKAGE 


20  Lead  SBDIP 


20  Lead  Ceramic  Flatpadc 


20  Lead  SBDIP 


20  Lead  Ceramic  Flatpack 


Spec  Number  518630 
File  Number  3073.1 


HCTS541MS 


Functional  Block  Diagram 


oc 


H  •  High  Voltage  Level,  L  -  Low  Voltage  Level,  X  -  Immaterial,  Z  -  High  Impedance 


Specifications  HCTS541MS  _ _ 


Absolute  Maximum  Ratings  Reliability  Information 

Supply  \toltage(VCC) . «.5to+7.0V  The^l  Resl^nce  ^  Jx 

lr«Jt  Vbta«Raiae  Al  Inouls  . ^.5V  to  VCC +0.57  SBDIP  Package .  72^pW  24^ 

D^txu^rrent^One^^ . itOmA  Ceramic  Ftatpeck  Package . 

DC  D^cilStASoneoZSut. . ±25mA  Maximum  Package  Power  Dfesipaticm  at +125^ 

(All  Voltage  Rrference  to  the  VSS  TerminaO  lill' . o  47W 

SioraorStt>eratire  Range  (TS7G) . -65<>C  to  ♦150®C  Ceramic  Flatpack  Package . . . . 

(Sdttel^lOsac) . +265°C  If  devk»  power  exceeds  package  <*s^tk«i<apablly,ptt^ 

Junctten^mroerattFe  (TJ) . ♦I’S'-C  «»*»  '«*=  „ 

ESD  dasEon . Class  1  SBDIP  .  . 

CAUTION:  AswUhl  ^tevxfuawa.  «»»  bfduna^’Abtolutt  **^'*"  ««^'^  ** 

dsmoM.  msisASftdssntingofUy.  Sxposun  to  ataokjf^  fMxyyyum  mting cond/Oons  f<y 0x0^  Thocondmons 

undsr  *£l$ctric6i  Potfomanco  CharaaorisOcs"  am  tha  only  condiaons  mcommandad  tr  sattsfactory  dsfnca  opafaaorL 

Operating  Conditions 

SuoDiv  Vbltaoe  (VCC)  . +<-5V  to  +5.5V  Inpu  Low  Voltage  (VIL) . .•  ?,;?)( 

OfjSdngS^tue  Range  (T*)  •  •  ■  . . ■SS't  to  ♦125»C  Inpu  High  \tokage  (VIH) . VCC«  to  VCC 

lUKkRIse  and  Fell  Times  at  4.5V  VCC  (TR.TF) . SOOnsMax  _ _ 


TABLE  1.  DC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTED 

CONDITIONS 

GROUP 

A  SUB¬ 
GROUPS 

TEMPERATURE 

Quiescsnl  Currant 

ICC 

VCC  .  5.5V, 

1 

♦25°C 

VIN  -  VCC  or  CND 

2,3 

+125“C.  ■55°C 

Output  Currant 

lOL 

VCC-4.SV,VIH-4.SV, 

1 

i.25°C 

(Sink) 

VOUT  ■  0,4V,  VIL  ■  UV 

2,3 

+125°C.  -55®C 

Output  Current 

lOH 

VCC  -  4.5V,  VIH  .  4.5V. 
VOUT -VCC -0.4V, 
VIL-OV 

1 

+25“C 

(Sounoe) 

2,3 

+125®C.  -5S°C 

Output  Voltage  Low 

VOL 

VCC  -  4.5V,  VIH  -  2.25V, 
lOL-SOpA,  VIL- 0.8V 

1,2,3 

+25®C,  +125®C.  -55®C 

VCC  •  5.5V,  VIH  •  2.75V, 
lOL-SOpA,  VIL -0.8V 

1,2,3 

+25®C,  +125“C, 

Output  Voltage  High 

VOH 

VCC -4.5V,  VIH -2.2SV, 
lOH  -  -SOpA,  VIL  -  0.8V 

1,  2.  3 

+2S‘»C,  +125®C,  -SS^C 

VCC  -  S.5V,  VIH  -  2.75V, 
lOH  -  -SOpA.  VIL  -  0.8V 

1,2,  3 

+2S°C,  ♦12S®C.  .5Sl»C 

Input  Leakage 

IIN 

VCC  •  5.5V.  VIN  -  VCC  or 

1 

+25®C 

Current 

GND 

2,3 

♦12S®C,  •5S®C 

Three-State  CXJtput 

lOZ 

Applied  Voltage  -  OV  or 
VCC.  VCC  -  5.5V 

1 

+25®C 

Leakage  Cunent 

2,3 

+125°C.  -55°C 

hkslse  Immunity 
Functional  Test 

FN 

VCC  -  4.SV,  VIH  -  2.25V, 
VIL -0.8V  (Note  2) 

7.  aA,8B 

•.25®C,  ♦12S“C,  -SS^C 

NOTES: 

1 .  All  voltages  referenced  to  device  GND. 

2.  For  functional  tests,  VO  ^  4.0V  Is  recognized  as  a  logic 'T,  and  VO  S0.5V  Is  recognized  as  a  logic  V. 

±0.5 

ma 

±5.0 

pA 

±1 

pA 

±50 

mA 
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TABLE  Z  AC  ELECTRICAL  PERFORIIAMCE  CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTES  1.  2) 
CONDITIONS 

GROUP 

A  SUB¬ 
GROUPS 

TEMPERATURE 

UMITS 

UNITS 

MAX 

Data  to  Output 

TPHU 

TPLH 

VCC  -  4.5V 

9 

♦2S®C 

2 

20 

m 

VCC  -  4.5V 

10,11 

♦125°C.  -55®C 

2 

22 

Di 

Enable  to  Output 

TPZL 

VCC  -  4.5V 

9 

+25°C 

2 

23 

ns 

10,11 

♦125<X:.  -55®C 

2 

26 

ns 

TPZH 

VCC  -  4.SV 

9 

*25^ 

2 

20 

ra 

10,11 

♦125“C.  -SSPC 

2 

21 

ns 

Disable  to  Output 

TPL2 

VCC  -  4.5V 

9 

*2SPC 

2 

22 

ns 

10,11 

+125“C.  -5S®C 

2 

23 

ns 

TPHZ 

VCC -4.5V 

9 

+25°C 

2 

21 

ns 

10,11 

♦125°C,  -5S°C 

2 

22 

ns 

NOTES: 

1.  All  voltages  refarerHrdd  m 

2.  AC  measurements  assume  RL  -  500a  CL  ■  50pF,  Input  TR  -  TF  -  3ns.  VIL  «  GND,  VIH  -  3V. 


PARAMETER 


Capadcance  Power 
DbsIpaSon 


Input  Capadtance 


Output  Transition 
Time 


SYMBOL 


CPD 


TABLE  a.  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


CONDITIONS 


VCC  -  5.0V.  f- 1MHz 


VCC  -  5.0V,  f- 1MHz 


HHL  VCC-4.5V 
TTLH 


NOTES 

TEMPERATURE 

1 

+25^ 

1 

+125^,  -55°C 

1 

♦2S®C 

1 

♦12S°C 

1 

+2S“C 

1 

+125“C,  -55°C 

UMITS 

MAX  UNITS 


38 


12 

ns 

18 

ns 

1 .  The  parameters  isted  in  Table  3  are  controled  via  design  or  process  parameters.  Min  and  Max  Liiniis  are  guaranteed  bu  noc  directly 
tested.  These  parameters  are  charactenzed  upon  inidai  design  release  and  upon  design  changes  which  affect  these  characteristics. 
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TABLE  4.  DC  POST  RADIATION  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 

SYMBOL 

(NOTES  1, 2) 

CONDITIONS 

TEMPERATURE 

200K  RAD 
UMIT5 

UNTTS 

MIN 

MAX 

Quiescent  Current 

ICC 

VCC  -  5.5V,  VIN  -  VCC  or  GND 

+25^ 

- 

0.75 

mA 

Output  Current  (Sink) 

lOL 

VCC  -  4.SV,  VIN  -  VCC  or  GND. 
VOUT-0.4V 

+25“C 

6.0 

• 

mA 

Output  Current 
(Source) 

lOH 

VCC  -  4.5V.  VIN  -  VCC  or  GND, 

VOUT  -  VCC  .0.4V 

+25“C 

H 

* 

mA 

Output  Vokags  Low 

VOL 

VCC  -  4.SV  or  5.5V,  VIH  -  VCC/2, 

VIL- 0.8V,  lOL-SOpA 

■ 

0.1 

■ 

Output  Voltage  High 

VOH 

VCC  -  4 .5V  or  5.5V,  VIH  -  VCC/2, 

VIL  •  0.8V,  lOH  •  -SOmA 

+25®C 

VCC 

-0.1 

■ 

■ 

Input  Leakage  Current 

IIN 

VCC  -  S.5V,  VIN  -  VCC  or  GND 

+25®C 

■■ 

±5 

pA 

Three-State  Otiput 
Leakage  Current 

lOZ 

Applied  Voltage  -  OV  or  VCC,  VCC  «  5,5V 

+25®C 

■ 

±50 

mA 

Nobe  knmunity 
Functional  Test 

FN 

VCC -4.5V,  VIH  •2.25V, 
VIL-0.8V,(Nota3) 

+25*^: 

* 

■ 

■ 

Data  to  Output 

TPHU 

TPLH 

VCC  -  4.5V 

♦2S®C 

2 

22 

ns 

Enable  to  Output 

TPZL 

VCC -4.5V 

♦25*^ 

2 

26 

ns 

TPZH 

VCC  -  4.5V 

+25®C 

2 

21 

ns 

Disable  to  Output 

TPLZ 

VCC-4.SV 

+25®C 

2 

23 

ns 

TPHZ 

VCC -4.5V 

+25“C 

2 

22 

ns 

NOTES: 

1 .  All  vottages  referenced  to  device  CND. 

2.  AC  measursmencs assume  RL •  500a  CL  -  50pF,  InpuTR -TF  -  3n$,  VIL  «  GND.  VIH  -  3V. 

3.  For  functional  teao  VO  a  4.0V  b  recognized  aa  a  logic  *1",  and  VO  ^  0.5V  b  recognized  as  a  logic  *0". 


TABLE  5.  BURN-IN  AND  OPERATING  UFE  TEST,  DELTA  PARAMETERS  (+25«C) 


GROUP  B 

PARAMETER 

SUBGROUP 

DELTA  UMIT 

ICC 

5 

12mA 

I0L710H 

5 

-15%of0  Hour 

lOZL/IOZH 

5 

±200nA 

5 
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TABLE  6.  APPLICABLE  SUBGROUPS 


CONFORMANCE  GROUPS 

METHOD 

GROUP  A  SUBGROUPS 

Initial  Test  (Prebum-In) 

100%/5004 

1.7,9 

Interim  Test]  (Postbum-In) 

100%/5004 

1,7,9 

Irxerim  Test  D  (Poatbum-ln) 

100%/5004 

1.  7,9 

PDA 

100%/5004 

1, 7. 9.  Dekaa 

Interim  Test  in  (Posibun-ln) 

100%/5004 

1.  7,9 

PDA 

100%/5004 

1,  7, 9,  DOas 

Rnal  Test 

100%/5004 

2,  3,  8A.  BB.  10, 11 

Group  A  (Note  1) 

Sample/5005 

1,  2, 3,  7.8A,86,  9. 10,11 

Group  B 

Subgroup  B-S 

San^la/SOOS 

1,  2,  3, 7. 8A,  BB,  9, 10, 1 1,  Deltas 

Subgroup  B-6 

Sarnple/5005 

1,7,9 

Group  D 

Sample/5005 

1.  7,9 

READ  AND  RECORD 


ica  lOL/H,  lOZL/H 


ICC,  lOUH,  lOZLTH 


ICC,  lOUH,  lOZL/H 


NOTE:  1.  Atemated  Group  A  Irwpoctlon  In  accordance  wtti  Method  5005  of  MIL-5TD-883  may  be  exercbed. 


TABLET.  TOTAL  DOSE  IRRADIATION 


TEST 


READ  AND  RECORD 


CONFORMANCE 

GROUPS  METHOD 


Croup  E  Subgroup  2  5005 


PRERAD 


T7,9 


POST  RAD 


Tdblo4 


PRE  RAD 


1,9 


POST  RAD 


Table  4  (Note  1) 


NOTE:  1.  Except  FNtestwhichwil  be  performed  100%  Go/No-Go. 

TABLE  &  STATIC  AND  DYNAMIC  BURN-IN  TEST  CONNECTIONS 


STATIC  BURN-IN  I  TEST  CONNECTIONS  (Note  1) 


STATIC  BURN-IN  II  TEST  CONNECTIONS  (Note  1) 


DYNAMIC  BURN-IN  TEST  CONNECTIONS  (Note  2) 


10 

11-18 

20 

1. 19 

NOTES: 

1 .  Each  pin  except  VCC  and  GND  wll  have  a  resistor  of  10kD  ±  5%  for  static  bum-ln 

2.  Each  pin  except  VCC  and  GND  wll  have  a  resistor  of  58QQ  ±  5%  for  dynamic  bum-in 


I 


TABLE  9.  IRRADIATION  TEST  CONNECTIONS 


OPEN 

GROUND 

VCC -5V±  0.5V 

n  -18 

10 

1-9,19,20 

NOTE:  Each  pin  except  VCC  and  GND  wll  have  a  resistor  of  47KO  ±  5%  for  inadiatlon  testing. 
Group  E,  Subgroup  2,  sample  size  Is  4  dlceAvaler  0  failures. 
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HCTS541MS 


Harris  Space  Level  Product  Flow  -  'MS' 

Wafer  Lot  Acceptance  (All  Lots)  Method  5007 
(Includes  SEM) 

GAMMA  Radiation  Verification  (Each  Wafer)  Mrthod  1019. 

4  Samples/Wafer,  0  Rejects 
100%  Nondestructive  Bond  Pull,  Method  2023 
Sample  ■  Wire  Borxj  Pull  Monitor,  Method  2011 
Sample  -  Die  Shear  Monitor,  Method  2019  or  2027 
100%  Internal  Visual  Inspection,  Method  2010,  Condition  A 
100%  Temperature  Cycle,  Method  1010,  Condition  C, 

10  Cycles 

100%  Constant  Acceleration,  Method  2001,  Condition  per 
Method  5004 

100%  PIND,  Method  2020,  Condition  A 
100%  External  Visual 
100%  Serialization 
100%  Initial  Electrical  Test  (TO) 

100%  Static  Bum-In  1,  Condition  A  or  B,  24  hrs.  min., 
♦126°C  min..  Method  1016 


100%  Interim  Electrical  Test  1  (T1) 

100%  Delta  Calculation  (T0-T1) 

100%  Static  Bum-In  2,  Condition  A  or  B,  24  hrs.  min., 
+125*Cmin.,  Method  1015 
100%  Interim  Electrical  Test  2  (T2) 

100%  Delta  Calculation  (T0-T2) 

100%  PDA  1 ,  Method  5004  (Notes  land  2) 

100%  Dynamic  Bum-In,  Condition  D,  240  hrs.,  +125®C  or 
Equivalent,  Method  1015 
100%  Interim  Electrical  Test  3  (T3) 

100%  Delta  Calculation  (T0-T3) 

100%  PDA  2.  Method  5004  (Note  2) 

100%  Final  Electrical  Test 

100%  Rne/Gioss  Leak.  Method  1014 

100%  Radiographic,  Method  2012  (Note  3) 

100%  External  Visual.  Method  2009 
Sample  -  Group  A,  Method  5005  (Ncte  4) 

100%  Data  Package  Generation  (Note  5) 


NOTES: 

1.  Failures  from  Interim  electrical  test  land  2  are  combinGd  for  ctoermining  PDA  1. 

2.  Failures  from  subgroup  1 , 7, 9  and  deltas  are  used  for  calculating  PDA.  The  maximum  alowable  PDA  •  5%  with  no  more  than  3%  of  the 
failles  from  subgroup  7. 

3.  RadlograpWc  (X-Ray)  inspection  may  be  performed  at  any  point  after  seiiaization  as  slowed  by  Method  5004. 

4.  Alternate  Group  A  testing  may  be  perfomted  as  slowed  by  MIL- STD-883,  Method  5005. 

5.  Data  Padtage  Corlants: 

•  Cover  Sheet  (Harris  Name  andJtor  Logo,  P.O.  Number,  Customer  Part  Number,  Lot  Date  Code,  Hanis  Part  Number.  Lot  Number,  QuanUty). 
.  Wafer  LolAceaptanee  Report  (Method  SOOT).  Includesreproduellonsof  SEM  photos  with  percent  of  step  coverage. 

•  GAMMA  Radiation  Report  Cortains  Cover  page,  disposition.  Rad  Dose,  Lot  Number,  Teat  Package  used,  Spedricadon  Mxnbers,  Tea 
eqiipment,  etc.  Radtotbn  Read  and  Record  data  on  fie  at  Harris. 

•  X-Ray  report  and  fim.  includes  penetrometer  measurements. 

-  Screerlng,  Electrical,  and  Group  A  attributes  (Screening  aortrutes  begin  after  package  seal). 

•  Lot  Serial  Nurrber  Sheet  (Good  units  serial  number  and  lot  number). 

•  Variables  Data  (Al  Delta  operations).  Data  is  ktemlfted  by  serial  number.  Data  header  hdudes  lot  number  and  date  of  test. 

•  The  Certificate  of  Corformanee  b  a  part  of  the  shipping  irwoice  and  b  not  part  of  the  Data  Book.  The  Certificate  of  Corformance  b  signed 
by  an  audiorized  Quaiw  Representative. 
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Spec  Number  518630 


HCTSS41MS 


Die  Characteristics 

DIE  DIMENSIONS: 

101  X  85  mils 

METALUZATION: 

Type:  SiAl 

Metal  Thickness:  IlkA  ±  IkA 

GLASSIVATION: 

Type:  Si02 

Thickness:  13kA  ±  2.6kA 

WORST  CASE  CURRENT  DENSITY: 

<2.0x105A/cni2 

BOND  PAD  SIZE: 
lOQpm  X  lOOpni 
4  mils  X  4  mils 

Metallization  Mask  Layout 


HCTS541MS 


“"[in 

h“»SSSS5SS?t^- 


im. 


;  Yi 


V;  O  :;  (1«  Y2 


:  <«)  Yi 


NOTE:  The  de  diagram  b  a  generic  pkx  from  a  similar  HCS  device.  It  is  intended  to  indicate  approximate  die  size  and  bond  pad  locatloa 
The  mask  series  for  the  HCTS541  b  TA14456A. 
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Features  Pinouts 

•  Radation  Hardened  j-* 

.  ToUl  Dose  >  10^  RAD  (Si) 

•  Transient  Upset  >  10^  RAD  (Si)/s 

•  Latch  Up  Free  EPI-CMOS 

•  Very  Low  Power  Consumption  csync[i. 

•  Pin  CompatUe  with  NMOS  8285  and  Harris  82C8S  pcuc[2 

»  Generates  System  Clocks  for  Microprocessors  and  Peripherals  *Elii[T 

•  Complete  Control  Over  System  Clock  Operation  for  Very  Low  HDyi[7 

System  Power  -,.«wrr 

-  Stop-Osclllator 

.  Stop-Clock 

.  Low  Frequency  (Slo)  Mode  ADI2[7 

•  Full  Speed  Operation  CLK  [7 

•  DC  to  1SMH2  Operation  (DC  to  SMH2  System  Clock)  gnd[9 

•  Generates  Both  50%  and  33%  Duty  Cycle  Clocks  (Synchroniied)  CLKwFo 

•  Uses  Either  Parallel  Mode  Crystal  Circuit  or  External  Frequency  starts 

Source  sloifstFS 

•  Hardened  Field,  Self-Aligned,  Junction  Isolated  CMOS  Process 

•  Single  SV  Supply 

•  Mlitary  Temperature  Range  -55*C  to  +1 2S"C 

Description  24  u 

The  Harris  HS-82C8SRH  is  a  high  performance,  radiation  hardened 
CMOS  Clock  Controller/Generator  designed  to  support  systems  ixillzing  " 

radiation  hardened  static  CMOS  microprocessors  such  as  the 
HS-80C86RH.  The  HS-82C85RH  contains  a  crystal  controlled  osallator,  csvNCct 
reset  pulse  conditioning,  haltA^estart  logic,  arid  divide-by-256  circuitry.  pclkcz 

These  features  provide  the  means  to  stop  the  system  clock,  stop  the  clock  XERTc  = 

oscillator,  or  run  the  system  at  a  low  frequerrcy  (CLK/256),  enhancing  royic: 
control  of  static  system  power  dissipation  and  allowing  system  shiX-dowm  |{eadyc:  = 
during  periods  of  external  stress.  royzc:  = 

Static  CMOS  circuit  design  insures  low  operating  power  and  permits 
operation  with  an  external  frequency  source  from  DC  to  15MHz.  Crystal 
controlled  operation  to  15MHz  is  guaranteed  with  the  use  of  a  parallel, 
fundamental  rrxxle  crystal  and  two  small  load  capacitors.  Outputs  are 
guaranteed  compatible  with  both  CMOS  and  TTL  specifications.  The 
Harris  hardened  field  CMOS  process  results  In  performance  equal  to  or 
greater  than  existing  radiation  resistant  products  at  a  fraction  of  the  power. 


24  LEAD  CERAMIC  OUAL-M-LINE 
METAL  SEAL  PACKAGE  (S8DIP) 
MIL-STD-1835  COIP2-T24 
TOP  VIEW 


^VDO 

^X1 

^X2 

^ASYNC 

^EFI 

i^F/C 

iHosc 

RESET 

iilsi 


24  LEAD  CERAMIC  METAL  SEAL 
FLATPACK  PACKAGE  (FLATPACK) 
MIL-STD-1835  C0FP4-F24 
TOP  VIEW 


24  ^^VDO 

22  Z3W 
11  —  3ASYIIC 

19  1-3FC 


1  • 

24 

2 

0 

9 

22 

4 

0 

S 

20 

• 

19 

7 

19 

• 

17 

» 

19 

10 

IS 

11 

14 

12 

13 

Ordering  information 


PART  NUMBER 

TEMPERATURE  RANGE 

PACKAGE 

HS1-82C85RH-Q 

-S5°Clio»12S°C 

24  Load  SBDIP 

HS1-82C85RH-8 

-55®CtO+12S‘>C 

24  Lead  SBDIP 

HS1-82C85RH/Sampte 

+25“C 

24  Lead  SBDIP 

HS9-82C85RH/Proa> 

-S5°Cto+12S“C 

24  Lead  Ceramic  Flatpack 

HS9-82C85RH<5 

.S5®CtO+12S®C 

24  Lead  Ceramic  Flatpack 

H59-82C85RH-8 

-S5°Cto+125“C 

24  Lead  Ceramic  Flatpack 

HS9-82C85RH/Sampl6 

+25°C 

24  Lead  Ceramic  Flatpack 

CAUTION:  The»  dovws  are  s«nsiTiV9  to  aiearostatic  discnarga.  Ussre  sDould  follow  propor  I.C.  Handling  Procadtres. 
Copyright  C  Harris  Corporation  1995  ^ 
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HS-82C85RH 


Pin  Description 


PIN 

PIN 

NUMBER 

TYPE 

DESCRIPTION 

XI 

23 

1 

CRYSTAL  CONNECTIONS:  XI  and  X2  are  the  crystal  oscillator  connections.  The  crystal 

X2 

22 

0 

frequency  must  be  three  times  the  maximum  desired  processor  dock  frequency.  XI  Is  the 
oscHatordrojk  input  and  X2  Is  the  output  of  the  osdiaiarclicult. 

EFI 

20 

1 

EXTERNAL  FREQUENCY  IN:  When  F/C  to  HIOH.  CLK  Is  generated  from  the  EFI  inpa  signal. 

This  irput  signal  shotid  be  a  sqmre  mve  wth  a  frequent^  of  three  times  the  maximum  desired 

CLK  output  fiequanqr. 

F/C 

19 

1 

FREQUENCY/CRYSTAL  SELECT:  F/C  selects  either  the  crystal  osdlator  or  the  EFI  inpi*  as  the 
main  frequency  source.  When  F/C  Is  LOW,  the  HS^CBSRH  clocks  ate  der^  from  the  crystal 
osdlator  drcL*.  When  F/C  Is  HIGH,  CLK  is  generated  from  the  EFI  inpuL  F/C  canrxxbe  dynam- 
icaly  switched  during  nonnal  operatioa 

START 

11 

1 

A  Iow4o-Hgh  transftion  on  START  wll  restart  the  CLK,  CLKSO  and  PCLK  oUpUs  after  the 
appropriate  restart  sequence  is  completed. 

Vfhen  kt  the  crystd  mode  (F/C  LOW)  virlth  the  osdlafor  stopped,  the  osdlator  wll  be  restarted 
when  a  Start  eorrmand  Is  received.  The  cue  CLKSO  and  PCLK  oixputs  wll  start  after  the  oscil¬ 
lator  irput  signal  (XI)  reaches  the  Schmkt  trigger  input  threshold  and  an  8K  Intamal  couriar 
reaches  terminal  count.  If  F/C  Is  HIGH  (EFI  mode),  CLK,  CLKSO  and  PCLK  wil  restart  wtthln  3  EFI 
cycles  after  ST/LRT  Is  recognized. 

The  HS-82C8SRH  wll  restart  In  the  same  trxjda  (SLO/FST)  In  which  It  stopped.  A  high  level  on 
START  disables  the  STOP  mode. 

SO 

13 

\ 

S2/STOP,  St.  so  are  used  to  slop  lha  HS-a2C8SRH  dock  outputs  (CLK,  CLKSO,  PCLK)  and  are 

SI 

S2/STOP 

14 

15 

1 

1 

sampled  by  the  rising  edge  of  CUC  CUC  CLK50  and  PCLK  are  stopped  by  S2/STOR$1 .  SO  being 

In  the  LHH  state  on  the  low-to-Wgh  transWon  of  CLK.  Thb  LHH  state  must  follow  a  passive  HHH 
state  occurring  on  the  previous  low-io-high  CLK  transhioa  CLK  and  CLKSO  stop  in  the  high  state. 
PCLK  stops  In  Its  currerv  state  (high  or  low). 

When  In  the  crystal  mode  (F/C)  low  and  a  STOP  command  is  Issued,  the  HS-82C85RH  osdlator 
wll  stop  along  with  the  CLK,  CLKSO  and  PCLK  outputs.  When  in  the  EFI  nxxte,  only  the  CLK, 
CLKSO  and  PCLK  outputs  wll  be  halted.  The  osdlator  drciilt  If  operational  wll  continue  to  run. 
The  oscllaior  and/or  dock  is  restarted  by  the  START  Inpix  signal  going  true  (HIGH)  or  the  reset 
input  (RES)  going  low. 

SLO/FST 

12 

1 

SLO/FST  is  a  levoi-friggored  Input  When  HIG  H,  the  CLK  and  CLKSO  outputs  tui  at  the  maximum 
frequency  (crystal  or  EFI  frequency  divided  3).  When  LOW,  CLK  and  CLKSO  frequencies  are 
equal  to  the  crystal  or  EFI  frequency  dividad  by  768.  SLO/FST  trxxle  changes  are  klemally 
^nchronized  to  elmlnalB  glKches  on  the  CLK  arxl  CLKSO.  START  and  STOP  control  of  the 
oadlator  or  EFI  to  avalable  In  ehher  the  SLOW  or  FAST  frequency  modes. 

The  SLO/FST  k^ut  must  be  held  LOW  for  at  least  195  OSC/EFI  dock  cydes  before  k  wll  be 
recognized.  Thb  elminates  urMranted  frequency  changes  eWeh  could  be  caused  by  gitches  or 
notoe  transients.  The  SLO/FST  Input  must  be  held  HIGH  for  at  least  6  OSC/EFI  dock  pulses  to 
guarantee  a  transUon  to  FAST  nxxle  operation. 

CLK 

8 

0 

PROCESSOR  CLOCK:  CLK  is  the  dock  output  used  by  the  HS-B0C86RH  processor  and  other 
peripheral  devices.  When  SLO/FST  is  high,  CLK  has  an  outpU  frequency  which  is  equal  to  the 
oystal  or  EFI  Input  frequwicy  divided  by  three.  When  SLCWFST  Is  low,  CLK  has  an  oUpiA  frequatv 
g  Which  Is  equal  ©the  crystal  or  EFI  input  fiaquency  divide  by  768.  CLK  has  a  33%  di*y  cyde. 

CLKSO 

10 

0 

50%  DUTY  CYCLE  CLOCK:  CLKSO  Is  an  aurdiaiy  dock  with  a  50%  diAy  cycto  and  to  synchro- 
nlzodtothefalingodgeofCLK.  When  SLO/FST  is  high,  CLKSO  has  an  outpi*  frequency  which 
is  equal » the  crystal  or  EFI  Inpu  frequency  divided  by  3.  When  SLO/FST  Is  low.  CLKSO  has  an 
ouqxi  frequency  equal©  the  crystal  or  EFI  input  frequency  divided  by  768. 

PCLK 

2 

0 

PERIPHERAL  CLOCK:  PCLK  b  a  poriphoral  dock  signal  whoso  outpiK  froquoncy  b  equal  to  the 
crystal  or  EFI  Input  frequency  divided  by  six  and  has  a  50%  duty  cyde.  PCLK  frequency  b 
unaffected  by  the  state  of  the  SLO/FST  inpuL 

OSC 

18 

0 

OSCILLATOR  OUTPUT:  OSC  is  the  outpu  of  the  internal  oscillator  circuitry,  fcs  ffequen<y  b 
equd  to  that  of  the  crystal  oscfllator  drciiL  OSC  te  unaffected  by  the  state  of  the  SLO/FST  inpu. 
When  the  HS-82C85RH  b  in  the  crystal  mode  (F/C  LOW)  and  a  STOP  command  Is  i^d,  the 
OSC  output  will  stop  In  the  HIGH  state.  When  the  HS-82C85RH  Is  in  the  EFI  mode  (F/C  HIGH), 
the  osdlator  Of  operatioriaO  wil  continue  to  run  when  a  STOP  command  b  Issued  and  OSC 
remains  active. 
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HS-82C85RH 


Pin  Description  (continued) 


PIN 

PIN 

NUMBER 

RES 

17 

RESET 

16 

CSYNC 

1 

AEN1 

3 

AEN2 

7 

RDY1 

4 

RDY2 

6 

ASYNC 

21 

READY 

5 

GND  1 

9 

VDD 

24 

RESET  IN:  RES  is  an  active  LOW  signal  which  is  used  to  generate  RESET.  The  HS-S2C85RH 

provides  a  Schmitt  tiiggeflrym  so  that  an  Reconnection  can  be  used  to  eatabish  the  powers 

reset  of  proper  duration.  RES  starts  crystal  oscllatoroperatm  _ 


RESET:  RESET  b  an  active  HIGH  signal  which  Is  used  to  reset  the  HS-aoC86RH  processor,  ks 
timing  characteristics  are  determined  by  RES.  RESET  is  guararteed  to  be  HIGH  tor  a  minimum 
of  16  CLK  putees  afterthe  rising  edge  of  RES.  _ _ 


CLOCK  SYNCHRONIZATION:  CSYNC  is  an  active  HIGH  signal  which  alows  muWple  HS- 
82C85RHS  to  be  synchronized  to  provide  multipte  In-phase  dock  signals.  When  CSYNC  is  HIGH, 
the  Wemal  ooirtecs  are  reseland  force  CLK,  CLK50  and  PCLK  into  a  HIGH  state.  When  CSYNC 
is  LOW,  the  intemal  counters  are  allowed  to  court  and  the  CLK,CLK50  and  PCLK  oUpUs  are 
active.  CSYNC  must  be  externally  synchronized  to  EFI.  _ 


ADDRESS  ENABLE:  AEN  is  an  active  LOW  signal.  AEN  serves  to  qualiy  fcs  respective  Bus 
Ready  Signal  (RDY1  or  RDY2).  AEN1  vaWatos  RDY1  whie  AEN2  vaMates  RDY2.  Two  AEN 
Signal  Itxits  are  useful  In  system  corfigurations  which  permh  the  processor  to  acxesstw^ 
Master  System  Buses.  _ 


BUS  READY:  (Transfer  Compteie).  RDY  is  an  active  HIGH  signal  which  is  an  Indication  from  a 
device  located  on  the  system  data  bus  that  data  has  been  received,  or  is  avalabie.  RDY1  is 

qualftedbyADnwNleRDYZtequallftedbyAENZ.  _ _ 


READY  SYNCHRONIZATION  SELECT:  ASYNC  is  an  input  which  defines  the  synchronization 
mode  of  the  READY  logic.  When  ASYNC  is  LOW,  two  stages  of  READY  synchronization  are  pro¬ 
vided.  When  ASYNC  is  lelt  open  or  HIGH  a  single  stage  of  READY  synchronization  Is  provided. 


READY:  READY  is  an  active  HIGH  signal  which  is  used  to  Inform  the  HS-80C86RH  that  k  may 
conclude  a  pending  data  transfer.  _ 


Ground 


+5V  power  supply 
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Specifications  HS-82C85RH 


Reliability  Information 

Theimal  Resistance  ejA  Bx 

SBCHP  Package .  S2KNJ  12°CW 

Ceramic  Flatpadt  Package .  Iff  CM  ^ffCM 

Maximum  Padcage  Power  Dissipadon  at  +125*^^  Ambient 

SBDiP  Package . 0-9^ 

Ceramic  Flatpack  Package . 0,71W 

If  device  power  exceeds  package  dtesipation  capabity,  provide  heat 
ainking  or  derate  Inearty  at  the  fblowing  rate; 

SBDIP  Package . 19.2mW/C 

Ceramic  Flatpack  Package . 14.3mW/C 

CAUTION:  8^cv0  tfw  tisfd  in  'AbschJtp  Majdmum  R9tings‘  may  cauM  p^m^nt  ctam9g0  to  tfm  dtvfc*.  This  is  9  svmss  oniy  nitrig  ^  cptradon 

or  ffwoevfceafffiese  Of  J/iy  other  conflWkvw  above  thoao  in  th^  opontkjfml  s^ctiCM  of  ffiis  spodfication  is  ncf  tmpM, 


Operating  Conditions 

Operating  Vbkage  Range . +4 .5V  to  i-S.SV  InpU  Low  VWtage 

Operating  Temperature  Range . -55°C  to  +125°C  Inpu  High  Vbkage 

RESET  Input  High  Voltage . S.SVtoVDD 


TABLE  1.  DC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDmONS 

GROUP  A 
SUBGROUP 

TEMPERATURE 

LMBTS 

UMTS 

MAX 

OKorCLKSOOucpu 

Hi^Votiage 

VOH 

VDD  -  4.5V.  10  -  -S.OitA, 
VIN-0Vor4.5V 

1,2.3 

-55®C,  +25^, 
+12S'C 

jg 

■ 

■ 

Output  High  Vokage 

VOH 

VDD  «  4.SV,  lO  -  -2.5mA, 
VIN-0Vor4.5V 

1,2,3 

-S5“C.  ■.25%, 
+12S°C 

■ 

■ 

Outpuc  Low  Voltage 

VOL 

VDD  •4.5V,  10  •5.0mA, 
VIN-OVor4.5V 

1,2.3 

-55°C.  ■.25®C, 
+125% 

■ 

H 

■ 

Input  Leakage  Cur¬ 
rent 

ItLorllH 

VDD -5.5V,  VIN-OVor 

S.SV,  Input  Rns  except  1 1  to 
IS,  21, 23 

1,2.3 

-55°C.  +25%, 
+125% 

-1.0 

1.0 

pA 

Bus  Hold  High  Leak¬ 
age  Current  (Note  1) 

IBHH 

VD0-4.SV,  S.SV,V1N- 
3.0V,  Rns:  11  to  15. 21 

1,2,3 

■S5°C.  +25%, 
+125% 

•200 

•20 

pA 

Standby  Power  Sup> 
ply  Curert 

IDDSB 

VDD-5.5V,VlN-GNDor 
VDD,  10  «  0mA 

1,2.3 

-55®C.  +25%, 
+125% 

■ 

100 

pA 

Operating  Power 
Supply  Current 

IDDOP 

VDD-5.5V.VlN.GNDor 
VDD,  10  -  0mA,  Crystal 
Frequency  -  15MHz 

1,2,3 

-55°C.  +25%, 
+125% 

■ 

80 

mA 

Functional  Tests 

FT 

VDD  •4.5V and  5. SV. 
VIN-GNDorVDO.(-1MHz 

7,  8A,  SB 

-55°C.  +25%, 
+125% 

■ 

■ 

■ 

Noise  bnmuni^ 
Functional  Test 

FN 

VDD  -  5.5V, 
VIN-GN0ar3.SVand 

VDD  •4.5V, 

VIN- 0.8V  or  VDD 

7,  BA,  SB 

•5S°C,  *25%, 
+125% 

1 

1 

1 

NOTE; 


1.  I BHH  should  be  measured  after  raising  VI N  to  VDD  and  then  lowering  Id  3.0V 


.OVto  tO.BV 
3,5V  »VDD 


Absolute  Maximum  Ratings 

Supply  Voltage . +6.5V 

InpuL  Outpil  or  I/O  Voltage . VSS-0.3V  to  VDD+0.3V 

Storage  Temperature  Range . -65°C  to  +150°C 

Junction  Temperature . +175°C 

Lead  Temperature  (Soldering  10s) . +300°C 

Typical  Derating  Factor . 5.33mA/MH2  Increase  In  IDOOP 

ESD  Ctassificatian . Class  1 
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TABLE  2.  AC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS  VDD  •  4 .5V,  T*  -  -SS^C  to  +1 25^ 


LMTS 

GROUP  A  ' 

SYMBOL  CONDITIONS  SUBGROUP  TEMPERATURE 


PARAMETER 


TIMING  REQUIREMENTS 


Excemai  rmquancy  High 
Tims 


ExGsma)  Frsqusncy  Low 
Tims 


EFI  or  Crystal  Poriod 


Ewsmal  Frequency  input  TEFIDC 
DutyCyde 


Crystal  FrequerKy 


-55^^.  ♦25°C.  +125^ 


9,10.11  I  -55^.  ♦25°C. +125^ 


9,10,11  .55°C, +25°C,  •♦•12S®C 


RDY1,  RDY2  Activs  Setup  TR1VCL  |  ASYNC  - 

toCLK  I  High 


RDY1,  RDY2  Activs  Sstip  TR1VCH  ASYNC  *  Low  9, 10. 11  -SS'C.  +25°C.  +125^ 
toCLK 


RDY1 ,  RDY2  Inactivs  Sstup  TR1 VCL 
toCLX 


RDY1.  RDY2  Hold  tD  CLK  TCLR1X 


ASYNC  Setup  toCLK 


ASYNC  HoW  to  CLK 


AEN1.AEN2  Setup  to 
RDY1.  RDY2 


TAYVCL 


TCLAYX 


TA1VR1V 


AEN1.AEN2HoldtoCLK  I  TCLA1X 


CSYNC  Setup  to  EFI 


CSYNC  Hold  ID  EFI 


CSYNC  Pulse  Width 


TYHEH 


TEHYL 


TYHYL 


TMHCL  I  Note  3 


TSVCH 


9,10.11  -55^. +250C. +125<^ 


9,10.11  .55^, +25°C, +125®C 


9, 10, 11  -55®C,  +25°C.  +125^ 


9,10,11  -55^, +25®C. +125*^: 


9. 10, 11  -SS'Y:.  +25°C.  +125^ 


9,10.11  -SS'Y:, +25°C. +125^ 


9,10,11  -SS^Y:.  ♦2SOC.  ^125^0 


9, 10, 11  -55°C,  +25°C,  +125^ 


+25°C.  +125"^ 


9, 10.11 


9, 10. 11  I  -55^,  •►25°C.  +125^ 


SO.  SI.  S2/STOP  Hoid  to  TCHSX 
CLK 


TRSVCH  Nota3 


RES  (Low)  orSTART  (High)  TSHSL 
PiissWidth 


-S5°C,  +25®C,  +125®C 


9. 10, 1 1  I  -55^.  ♦25°C,  •».125®C 


-55°C,+25°C,  -►125‘Y: 


9,  10.  11 


TSFPC  Note  3 


9, 10. 1 1  -55^.  +25°C.  +125^ 


9,10,11  -SS'X:, +25°C. +125"^ 


TEHEL 

go%-9o% 

VIN 

9,  10,  11 

-55®C,  +25°C,  +12S®C 

25 

TELEH 

10% -10% 

VIN 

9,  10,  11 

-55®C,  +2S®C,  +12S®C 

25 

TELEL 

9, 10. 11 

-55®C.  +25®C.  +125®C 

65 

TEHEL+170 


TIMING  RESPONSES 


CLK/CLK50  Cycle  Period  |  TCLCL 


CLK  HIGH  rime 


CLK  LOW 


CLK50  HIGH  Time 


CLK50  LOW  Fine 


PCLK  HIGH  Time 


TCHCL 


TCLCH 


T5CHCL 


TsacH 


TPHPL 


9, 10,11 

-55<>C,  •f25'>C,  ♦125®C 

200 

9, 10. 11 

-55“C,  +2S°C,  +12S“C 

(1/3TCLa) 

+3 

9,  10, 11 

-55®C,  +2500,  +12S®C 

(273  TCLCL) 
.15 

9,  10. 11 

-55«C,  +2S“C.  +125®C 

(1/2  TCLCL) 
.7.5 

9, 10.11 

-SS’X:,  +25°C.  +125°C 

{1/2TaCL) 

-7.5 

9, 10,11 

-55®C.  +25“C. +12S“C 

TCLCL20 
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TABLE  2.  AC  ELECTRICAL  PERFORMANCE  CHARACTERISTICS  VDD  -  4.5V,  T^  -  -55°C  w  +125°C  (Contkiued) 


LMT5 


PARAMETER 


PCLK  LOW  Time 


Ready  Inactive  to  CLK 


Ready  Active  ID  CLK 


CLK  to  Reset  Delay 


CLK  to  PCLK  HIGH  Delay 


CLK  to  PCLK  LOW  D«lay 


OSC  ID  CLK  HIGH  Delay 


OSCtoCLKLOW  Delay 


OSCLOWtoCLKSO  HIGH 
Delay 


CLK  LOW  to  CLK50  LOW 
Skew 


1 .  ACs  tested  at  worst  case  VDD.  guaranteed  over  (U I  operating  range 

2.  Setup  and  hold  necessary  only  to  guarantee  recognition  at  next  dock 

3.  Apples  on^  to  T3,  TW  states 

4.  Apples  only  to  T2  states 

5.  All  timing  delays  are  measured  at  1 .5V,  unless  otherorlse  noted 

6.  Timing  measurements  made  with  EFl  duty  cyde  «  50% 


TPLPH 


TRYLCL  Note  4 


TRYHCH  Note  3 


TCUL 


TCLPH 


TCLPL 


TOHCH 


TOHCL 


GROUP  A 
SUBGROUP 

TEMPERATUIS 

9, 10, 11 

.55“C,  -.asoc,  +125°C 

9, 10,11 

-55®C.  +25“C,  +12S°C 

9, 10, 11 

-55*^.  +25°C.  +125“C 

9,10.11 

-55®C.  +2S®C.  +125®C 

9, 10. 11 

-SS'C,  ♦25°C,  4.12S“C 

9, 10, 11 

.55®C,  ♦2S®C,  ♦12S®C 

9, 10, 11 

•SS'X:,  ♦25®C,  ♦125°C 

9, 10. 11 

-55‘C.  +2S“C.  +125**C 

9.10,11 

-SS®C,  •,2S®C, 

9.  10,11 

-SS®C.  ♦2S“C,  ♦12S®C 

MAX  UNTTS 


ns 


PARAMETER 

SYMBOL 

Input  Capacitance 

CIN 

Output  Capodtance 

COUT 

RESET  Input 

Hysteresis 

(+)VT-(-)VT 

TIMING  REQUIREMENTS 

RES  Of  START  Vald 
to  CLK  Low 

TSTART 

STOP  Command 

Vald  to  CLK  High 

TSTOP 

TIMING  RESPONSES 

CLK/CLK50  Rise 

Time 

TCH1CH2 

CLK/CLK50  Fall  Time 

TCL1CL2 

Output  Rise  Time 
(Excepc  CLK) 

TOLOH 

Output  Fall  Time 
(Except  CLK) 

TOHOL 

TABLE  X  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


CONDITION 


VDD-Opoaf-1MHz,Noce2 


5 

PF 

15 

PP 

TEMPERATURE 


Ta-+25°C 


C 


-55^<Ta<-^125^C  0.25 


.55^<Ta<+125^  2TELEL 
+3 


-55°C<Ta<+125®C  TCLCL+  3TCHCH  ns 
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Specifications  HS-82C85RH 

TABLE  3.  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 


PARAMETER 

SYMBOL 

CONDITION 

TEMPERATURE 

UNITS 

UNITS 

MIN 

MAX 

Start/Reset  Vaid  to 
CLKLdw 

TOST 

VDD  -  4.5V  and  S.5V  (TYP) 
Note  3 

.S5‘>C  <  T*  <  +125°C 

■ 

3 

ms 

RESET  Output  Time 
High 

TRST 

VDD -4.5V  and  5.5V 

-S5“C<Ta<  ♦125®C 

16 

(TCLCg 

ms 

NOTES: 

1  The  patameters  Isted  In  table  3  are  comrolled  via  design  or  procass  paramaers  and  are  not  direct^  tested.  These  parameters  are 

chatBcrertzed  upon  initial  design  release  and  ^xmdeslg1  changes  which  woJdaffea  these  characteristics. 

2.  All  mdasurements  referenced  to  device  ground. 

3.  Oscllaior  st«H4)  flme  depeivis  on  severN  fectnrs  Including  ctystal  frequency,  crystal  rnani/aaiwr,  capacWve  load,  temperatiae,  po^ 

supply  voltage,  mc.  This  paiametar  b  given  tor  Intormailon  only. 

TABLE  4.  POST  100K  RAD  ELECTRICAL  PERFORMANCE  CHARACTERISTICS 

See +E5®C  limits  In  Table  1  and  Table  2  for  Post  RAD  limits  (Subgrrx^rs  1 . 7, 9) 


TABLE  6.  BURFWH  DELTA  PARAMETERS  (+2S"C) 


PARAMETER 

SYMBOL 

DELTA  UNITS 

Static  Currenc 

IDDSB 

±20mA 

input  Leakage  Cunert 

HL  IIH 

±200nA 

Low  Level  Output  Voltage 

VOL 

±60mV 

High  Level  Ouq^  Voltage 

VOH 

±150mV 

TABLE  6.  APPLICABLE  SUBGROUPS 


GROUP  A  SUBGROUPS 

CONFORMANCE 

GROUP 

MtL-STD-883 

METHOD 

TESTED  FOR-Q 

RECORDED 

FOR-Q 

TESTED  FOR-B 

RECORDED 
FOR -8 

Initial  Test 

100%  6004 

1, 7.® 

1  (Note  2) 

1.7.9 

IrtarimTeat 

100%  5004 

1,  9.  A 

1,  A(Not8  2) 

1,7.9 

PDA 

100%  5004 

1.7,  A 

- 

1.7 

Final  Test 

100%  5004 

2,  3,  SA,  8B,  10, 11 

- 

2, 3,8A,88, 10,11 

Group  A  (Note  1) 

Sample  5005 

1.2,  3,7,aA,eB.  9,  10,11 

" 

1.  2.  3, 7, 8A,  8B,  9, 
10, 11 

Subgroup  B5 

Sample  5005 

1,2.  3.  7,  8A,8B,  9, 10. 11.  a 

1.2. 3,  A  (Note  2) 

N/A 

Subgroup  B6 

Sample  5005 

1,  7.9 

- 

N/A 

Group  C 

Sample  5005 

N/A 

N/A 

1,  2, 3. 7, 8A.  BB,  9, 
10,11 

Group  D 

Sample  5005 

1,7.9 

- 

1,7.9 

Group  E,  Subgroup  2 

Sample  5005 

1,7,9 

- 

1.7,9 

NOTES: 

1 .  Alternate  Group  A  testing  in  accordance  with  MIL-STD-883  method  5005  may  be  exercised. 

2.  Table  5  parameters  only 
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HS-82CB5RH 


Harris  Space  Level  Product  Flow  -Q 

Wafer  Lol  Acceptance  (All  Lots)  Method  5007  100%  Interim  Electrical  Test  1  (T1) 

(Includes  SEM)  100%  Delta  Calculation  (T0-T1 ) 

GAMMA  Radiation  Verification  (Each  Wafer)  Method  1019,  ioo%  PDA  1 ,  Method  5004  (Note  1) 

2  Samples/Wafer,  0  Rejects  Dynamic  Bum-ln.  CondWon  D.  240  Hours,  +125®C  or 

100%  Die  Attach  Equivalent.  Method  1015 

100%  Nondestructive  Bond  Pull,  Method  2023  100%  interim  Electrical  Test  2(T2) 

Sample  -  Wire  Bond  Pull  Monitor,  Method  2011  100%  Delta  Calculation  (T0-T2) 

Sample  -  Die  Shear  Monitor,  Method  201 9  or  2027  10o%  PDA  2.  Method  5004  (Note  1) 

100%  Internal  Visual  Inspection,  Method  2010,  CorKJition  A  100%  Rni  Electrical  Test 

CSI  and/or  GSI  PreCap  (Note  6)  100%  Rna/Gross  Leak,  Mrthod  101 4 

100%  Temperature  Cycle,  Method  1010,  Condition  C,  100%  Radographic  0(-Ray),  Method  2012  (Note  2) 

100%  External  Visual.  Method  2009 

100%  FIND,  Method  2020,  Condition  A  Sample  ■  Group  B,  Method  6005  (Note  4) 

100%  External  Visual 

j  II  XI  ^00%  Data  Package  Generation  (Note  7) 

100%  Serialization  ^  ' 

I  ui  I  iri  I T  -a  CSI  and/oT  GSI  Final  (Note  6) 

100%  Initial  Electrical  Test  (TO)  ' 

100%  Static  Bum-In  1,  Condition  A  or  B,  72  Hours  Min, 

+125°C  Min,  M^od  1016 

NOTES: 

1.  Failures  from  subgroi|)  1, 7  and  deltas  are  used  for  calculating  PDA.  The  maximum  alowable  PDA  -  5%  with  no  more  than  3%  of  the 
falures  from  subgroup  7. 

2.  Radiographic  pC-Ray)  Inspection  may  be  performed  at  any  point  after  seriaization  as  alowed  by  Method  6004. 

3.  Atiemace  Group  A  testing  may  be  performed  as  slowed  by  MlLSTD-aes,  Method  6006. 

4.  Group  B  arvl  0  feTspedions  are  optional  and  wll  not  be  perfonned  unless  required  by  the  P.O.  When  required,  the  P.O.  should  include 
separate  Ine  kerns  fbr  Group  B  Test  Group  B  Samples,  Croup  D  Test  and  Group  D  Samples. 

5.  Group  D  Generic  Data  as  defined  by  MIL-l-38535,  Is  optional  and  wll  not  be  supplied  unless  required  by  the  P.O.  When  required,  the 
P.O.  should  indude  a  separate  Ine  kem  for  Group  D  Generic  Data.  Generic  data  b  not  guaranteed  to  be  avaibble  and  b  therefore  not 
avalable  In  all  cases. 

6.  CSI  anchor  GSI  inspections  are  opiior>ai  and  wll  not  be  performed  unless  required  by  theP.O.  When  required,  the  P.O.  should  Indude 
separate  Ine  kerns  tor  CSI  PreCap  Inspection.  CSI  final  Inspectloa  GSI  PreCap  Inspection,  and/or  GSI  final  Inspection. 

7.  Data  Package  Contents: 

•  CoverSheetfHarifeKbrnearidtorLjogo,  P.O.  Nurrber,  Customer  Part  Nurnber,  Lot  Date  Code,  Hanis  Part  NurnbenljocNumbe^^ 

•  Wafer  Lot  Acceptarce  Report  (Method  5007).  Includes  reproductiorB  of  SEM  photos  with  percent  of  step  coverage. 

•  GAMMA  Radiation  Report  Contains  Cover  page,  dbposlioa  Rad  Dose,  Lol  Number,  Test  Package  used,  Specific^ian  Numbers,  Te^ 
equipment  etc.  Radbtion  Read  and  Record  data  on  fie  at  Harrb. 

•  X-Ray  report  and  fim.  Includes  penetrometer  measurements. 

•  Screening,  Electrical,  and  Group  A  attributes  (Screening  attributes  begin  after  package  seal). 

«  Lot  Serial  NurTt>er  Sheet  (Good  uriks  serial  number  and  lot  nurnber). 

•  N^^riables  Data  (Al  Delta  operation^.  Data  b  identified  by  serial  number.  Data  header  indudes  lot  number  and  date  of  test 

•  Group  B  and  D  attributes  and/or  Generic  data  b  included  when  required  by  the  P.O. 

•  The  Cenficate  of  Conformance  b  a  pan  of  the  shipping  kwoice  andbnotpanoftheData  Book.  The  Ce  rtlficate  of  Confb  rmance  b  signed 
by  an  authorized  Qual^  Represencative. 


HS-82C85RH 


Harris  Space  Level  Product  Flow  -8 

GAMMA  Radiation  Verification  (Each  Wafer)  Mrthod  1019, 
2  Samples/Wafer,  0  Rejects 

100%  Die  Attach 

Periodic-  Wire  Bond  Pull  Monitor,  Method  2011 
Periodic-  Die  Shear  Monitor,  Method  2019  or  2027 
100%  Internal  Visual  Inspection,  Method  2010,  Condition  B 
CSI  an/or  GSI  PreCap  (Note  5) 

100%  Temperature  Cycle,  Method  1010,  Condition  C, 

10  Cycles 

100%  Constant  Acceleration,  Method  2001,  Condtion  per 
Method  5004 
100%  External  Visual 
100%  Initial  Electrical  Test 


100%  Dynamic  Bum-In,  Condition  D,  160  Hours,  •f12S°C  or 
Equivalent,  Method  1015 

100%  Interim  Electrical  Test 
100%  PDA,  Method  5004  (Note  1) 

100%  Final  Electrical  Test 
100%  Fine/Gross  Leak,  Method  1014 
100%  External  Visual,  Method  2009 
Sample  -  Group  A,  Method  5005  (Note  2) 

Sample  -  Group  B,  Method  5005  (Note  3) 

Sarrple  -  Group  C,  Method  5005  (Notes  3  and  4) 

Sarrple  -  Group  D.  Method  5005  (Notes  3  and  4) 

100%  Data  Package  Generation  (Note  6) 

CSI  and/a  GSI  Final  (Note  5} 


NOTES: 

1 .  FalMes  from  aUigroup  1 , 7  are  used  for  calculating  PDA.  The  maidmum  alovraWe  PDA  -  5%. 

2.  Alternate  Group  A  testing  may  be  perfotmed  as  alowed  by  MIL-STD-883,  Method  5005. 

3.  Group  B.  C  and  0  inspections  are  optional  and  wll  not  be  perfonned  unless  required  by  the  P.O.  When  required,  the  P.O.  shoUd  indude 

sepsratelne  kerns  tor  GnxpB  Test.  GroipC  Test  Group  C  Samples,  Group  D  Test  and  Group  D  Samples. 

4.  Group  C  and/or  Grotp  D  Generic  Data,  as  defined  by  MIL-l-3e53S,  is  optional  and  wll  not  be  supplied  leiless  reqdred  by  the  P.O.  When 
requirod,  the  P.O.  should  Indude  a  separate  Ine  Item  for  Group  C  Generic  Data  and/or  Group  D  Generic  Data.  Generic  data  Is  rwt  guar- 
arteed  to  be  available  and  b  therefore  not  available  In  all  cases. 

5.  CSI  and/or  GSI  Inspections  are  optional  and  \MI  not  be  perfonned  unless  required  by  theP.O.  When  required,  the  P.O.  should  indude 
separau  Ine  kerns  tor  CSI  PreCap  Inspection.  CSI  total  Inspectloit,  GSI  PreCap  inspection,  and/or  GSI  final  Inspection. 

6.  Data  Package  Conianes: 

•  Cover  Sheet  (Hants  Name  andtor  Logo,  P.O.  Number,  Customer  Part  Number.  Lot  Date  Code,  Hanb  Part  Number.  Lot  Number,  Qoantky). 

•  GAMMA  Radiation  Repon.  Ctottakis  Cower  page,  dbposkion.  Rad  Dose.  Lot  Number,  Test  Package  used.  Specification  Numbers,  Tost 
equipment  etc.  Radiation  Read  arxl  Record  data  on  fie  ac  Harrb. 

•  Screertng,  Electrical,  and  Group  A  attributes  (Screening  atrtii^ 

•  Group  B,  C  and  Datrtnjces  and/or  Generic  da«a  Is  induded  when  required^  the  P.O. 

•  The  Ceniflcate  of  CoffonrarcG  tea  part  of  the  shipping  IrwoicearKlfenw  part  erf  the  Data  Boot  The  Certlfl^ 

by  an  authorixed  Qualty  Repreaerttitive. 


AC  Test  Circuit 


FROMOinWT 
UNDER  TEST 


VDD 


iR  (NOTES  1.  2) 

CL9iOTC^ 


NOTES: 

1.  R- 3700  at  V- 2.25  for  CLK  and  CLKSOoutpias. 

2.  R -494Q  at  V- 2.87  for  ail  other  outputs. 

3.  CL-50pf. 

4.  CL  Includes  probe  and  jig  capadtance. 
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HS-82C85RH 


Waveforms 


CLKANDCLK50 


X6V 

1.0V 


TCH1CH2 
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HS-82C85RH 


Waveforms  (conttniwo) 


NOTE:  CLK.  CLK50,  PCLK remain h the Ngh state  untl RES goosNgh and 8192  vaM 

HS-82C85RH  Hemal  counter  TOST  dme  period).  After  RES  goes  high  and  CLK,  CLK50,  PCLK  become  acthw,  the  RESET  outp 
¥*ll  remdn  high  for  a  minimum  of  1 6  CLK  (TRST). 


. tt-  rr  -r  r 

Ku<  jxnJTJTJTJTJTJTJTTlJl^^ 

SLOf  ST  I— — — — * 

eucTJLLUUI _ I  I — tlUlJlJlJUL 

oiwuijuiiu] _ I  1 _ luinniuiiL 

nGURE9.  SLOfFSTTlMING  OVERVIEW 


|x - Its  EFI  OR  OSC  CYCLES - ^ 

EFIOROSC  juuinnnnimnnnjim 


K^I^isfpct 
starsT  - r”"! 


««  -JT-JT-Jl.-ri-JT - 1  L 

-jn-JT-Ti-ri— TT _ I  !■ 


FIGURE  10.  FAST  TO  SLOW  CLOCK  MODE  TRANSITION 
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Waveforms  (continuwi) 


EROROSC  nnnnnnnnrtriTiaimnnniuiiuuuuuuinnnniinnJinn 


FIGURE  11.  SLOW  TO  FAST  CLOCK  MODE  TRANSTHON 
t  If  TSFPC  Is  not  mat  on  one  edge  Of  PCLK,  SLOff  ST  wtl  ba  iwagnizad  on  ihG  next  edge  Of  PCLK. 


FIGURE  12.  CLOCK  HIGH  AND  LOW  TIME  (USING  XI,  X2)  FIGURE  IS.  CLOCK  HIGH  AND  LOW  TWE  (USING  EFI) 


FIGURE  14.  READY  TO  CLOCK  (USING  XI,  X2) 
t  CL  •  SOpF 


FIGURE  15.  READY  TO  CLOCK  (USING  EFI) 
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Bum-ln  Circuits 


STATIC  COHRCURATION 

lOTES: 

1.  R-I0ka±10% 

2.  V0D-6.0V±5% 

3.  TA-+12ff*CMIn 

4.  Packaga  Coda:  SZ  (24  Laad  CMP) 

5.  F0l$S0%du(ycyc)esquarewavepuls8lxxstF0isle(t 

low  after  wiae  burst 


Irradiation  Circuit 


DYNAMIC  CONRGURATION 

NOTES: 

1.  R-10kQ±10% 

2.  VDD  •  6.0V±  5%  (Bum-In):  VDD  •  5.5V  ±  5%  (Lite  Tast) 

3.  TA-+12S°CMIn 

4.  Package  Code:  SZ  (24  Lead  DIP) 

5.  FO-IOkHz,  50%  duty  cycle 

6.  FI  -  FO/2;  F2  -  FI/2:  F3  -  F2/2.  F4  -  F3/2;  F5  •  F4/2 


NOTES: 

1.  R-47kfl±10% 

2.  RnsitedtoVSS(OV):  Pin9 

3.  Rna  wkh  bads:  Z  5. 8, 10, 16. 18.  22 

4.  RnsttedtoVDD:  1.3,4,6,7.11-15,17,19-21,23.24 

5.  VDD- 5.5V ± 0.5V 


15 


Spec  Number  518061 


HS-82C85RH 


Functional  Descripti<m 

The  HS-82C85RH  Static  Qock  Coniroller/Generator 
provides  simple  and  complete  control  of  static  CMOS 
system  operating  modes.  The  HS-82C8SRH  can  operate 
with  either  an  e)ctemal  crystal  or  an  external  frequency 
source  and  can  support  ftill  speed,  slow,  stop-dock  and 
stop-oscilator  operation.  Whie  it  is  directly  compatible  with 
the  Harris  HS-80C86RH  CMOS  16-bit  static  microprocessor, 
the  HS-82C85RH  can  also  be  used  for  general  purpose 
system  clock  control. 

Separate  signals  are  provided  on  the  H5-82C85RH  for  stop 
and  start  control  of  the  crystal  osdilator  and  clock  outputs.  A 
single  control  line  d^ermines  fast  (crysial/ER  frequency 
divided  by  3)  or  slow  (crystal/EFI  frequency  divided  by  768) 
mode  operation.  A  dock  synchronization  input  is  provided  to 
allow  the  use  of  mukiple  HS-82C85RHs  In  the  same  system. 
The  HS-82C85RH  generates  the  proper  HS-80C86RH  reset 
pulse,  arxi  it  also  handles  ait  data  transfer  timing  by  generat¬ 
ing  the  HS-80C86RH  ready  signal. 

Automatic  maximum  mode  HS-80C86RH  software  HALT 
Instruction  decode  logic  is  present  to  ease  the  design  of 
software -based  clock  control  systems  and  provides  com¬ 
plete  software  control  of  STOP  mode  operation. Automatic 
minimum  rrxxile  software  HALT  instruction  decoding  can  be 
easily  implemented  with  a  single  74HC74  device.  Restart 
logic  insures  valid  dock  start-up  and  complete  synchroniza¬ 
tion  of  CLK,  CLKSO  and  PCLK. 

Static  Operating  Modes 

The  HS-82C85RH  Static  Clock  Controller  can  be  dynamt- 
caly  set  to  operate  in  any  one  of  four  modes  at  anyone  time: 
FAST,  SLOW,  STOP-aOCK  STOP-OSCILUTOR. 
Each  mode  has  distinct  power  and  performance  characteris¬ 
tics  which  can  be  matched  to  the  needs  of  a  particular  sys¬ 
tem  at  a  spedfic  time  (See  Table  1). 

Keep  in  mind  that  a  single  system  may  require  alt  of  these 
operating  modes  at  one  time  or  another  during  normal  oper¬ 
ation.  A  design  need  not  be  limited  to  a  single  operating 
mode  or  a  spedfic  combination  of  modes.  The  appropriate 
operating  mode  can  be  matched  to  the  power-pedormance 
level  needed  at  a  spedfic  time  or  In  a  particular  drcum- 
stance. 


Reset  Logic 

The  HS-82C85RH  reset  logic  provides  a  Schmitt  trigger 
Input  (RES)  and  a  syrtchronizing  flp-flop  to  generate  there 
set  timing.  The  reset  signal  is  synchronized  to  the  falling 
edge  of  CLK.  A  simple  RC  network  can  be  used  to  provide 
power-on  reset  by  utilizing  this  function  of  the 
HS-82C85RH.When  in  the  crystal  oscillator  (F/C  =  LOW)  or 
the  EFI  (F/C  =  HIGH)  mode,  a  LOW  stale  on  the  RES  input 
will  set  the  RESET  output  to  the  HIGH  state.  It  wil  also 
restart  the  osdilator  drcuit  if  it  Is  In  the  idle  state.  The 
RESET  output  is  guaranteed  to  stay  in  the  HIGH  state  for  a 
minimum  of  16  CLK  cydes  after  a  low-to-high  transition  of 
the  RES  input 

An  oscilator  restart  count  sequence  will  not  be  disturbed  by 
RESET  if  this  count  is  already  in  progress.  After  the  restart 
counter  expires,  the  RESET  output  will  stay  HIGH  at  least 
for  16  periods  of  CLK  before  going  LOW.  RESET  can  be 
kept  high  beyond  this  time  by  a  continuing  low  input  on  the 
RES  input 

If  F/C  is  low  (crystal  oscillator  mode),  a  low  state  on  RES 
starts  the  crystal  oscilator  circuit.  The  stopped  outputs 
remain  inactive,  until  the  oscillator  signal  amplitude  reaches 
the  X1  Schmitt  trigger  input  threshold  vol^e  arfo  8192 
cydes  of  the  crystal  oscillator  output  are  counted  by  an  Inter¬ 
nal  counter.  After  this  count  Is  complete,  the  stopped  outputs 
(CLK,  CLKSO,  PCLK)  start  deanly  with  the  proper  phase 
relationships. 

This  8192  count  requirement  insures  that  the  CLK,  CLKSO 
and  PCLK  outputs  will  meet  minimum  dock  requirements 
and  will  not  be  affected  by  unstable  osdilator  characteristics 
which  may  exist  during  the  oscillator  start-up  sequence.  This 
sequence  is  also  folowed  when  a  START  command  is 
issued  while  the  HS-82C8SRH  oscillator  is  stopped. 

Osclllator/Clock  Start  Control 

Once  the  osdilator  Is  stopped  (or  committed  to  stop)  or  at 
power-on,  the  restart  sequence  is  ini^ted  by  a  HIGH  state 
on  START  or  LOW  state  on  RES.  If  F/C  Is  HIGH,  then  restart 
occurs  immediately  after  the  START  or  RES  input  is  syn¬ 
chronized  internally.  This  insures  that  stopped  outputs  (CLK, 
PCLK,  OSC  and  CLKSO)  start  deanly  with  the  proper  phase 
relationship. 


TABLE  1.  STATIC  SYSTEM  OPERATING  MODE  CHARACTERISTICS 


OPERATING 

MODE 

DESCRIPTION 

POWER  LEVEL 

PERFORMANCE 

Scop-Osdlator 

All  system  clocks  and  main  dock  osdlator  are 
stop^ 

Maximum  savings 

Slowest  response  due  to 
osdlator  restart  Urns 

Stop-Clock 

System  CPU  and  peripherals  docks  stop  but 
main  clock  osdlator  continues  10  run  at  rated 
frequency 

Reduced  systam  power 

Fast  restart  -  no  oscilator 
restart  time 

SkNtf 

System  CPU  clocks  are  stowed  wNIe  peripheral 
dock  and  main  dock  oadiator  run  at  rated 
frequ6n<^ 

Power  dissipation  sightly  high¬ 
er  than  Stop-Clock 

Continuous  operation  at  low 
frequency 

Fast 

Ail  ctocks  and  oecliators  njn  at  rated  frequency 

Highest  power 

Fastest  response 
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If  F/C  Is  tow  (crystal  oscillator  mode),  a  HIGH  staca  on  the 
START  input  or  a  low  state  on  RES  causes  Ihe  cryst^ 
oscillator  to  be  restarted.  The  stopped  ouipus  remain 
Slopped,  until  the  oscillator  signal  ampitude  reaches  the  XI 
Schmitt  trigger  input  threshold  voltage  and  8192  cydes  of 
the  crystal  oscillator  output  are  counted  by  an  internal 
counter.  After  this  count  Is  complete,  the  stopped  outputs 
(CLK,  CLK50,  PCLK)  start  cleanly  with  the  proper  phase 
relationships. 

Typically,  any  Input  signal  which  me^  the  START  Input 
timing  requirements  can  be  used  to  start  the  HS>82C85RH. 
In  many  cases,  this  would  be  the  INT  output  from  an 
HS-82C59A  CMOS  Priority  Interrupt  Controller  (See  Figure 
16).  This  output,  which  is  active  high,  can  be  connected  to 
both  the  HS-82C85RH  START  pin  and  to  the  INTR  input  on 
the  microprocessor. 


52 

S1 

SI 

5o 

so 

MINMAX 

FIGURE  1».  START  CONTROL  USING  HS4I2C59ARH  INTER¬ 
RUPT  CONTROLLER 

When  the  INT  output  becomes  active  (as  a  resul  of  a 
Vestait'  IRQ  or  a  system  reset),  the  oscilator/ctock  circuit  on 
the  HS-82C85RH  will  restart.  Upon  completion  of  the 
appropriate  restart  sequence,  the  CLK  signal  to  the  CPU  will 
become  active.  The  CPU  can  then  respond  to  the  still-pend¬ 
ing  interrupt  request 

Oscillator/Clock  Slop  Control 
The  SO.  SI ,  Old  S2/STOP  control  lines  determine  when  the 
HS-82C85RH  clock  outputs  or  oscilator  will  stop.  These 
three  lines  are  designed  to  connect  directly  to  the  MAXimum 
mode  HS-80C86RH  status  lines  as  shown  In  Figure  17. 


HS.«0C86RH  HS-«2C8SRH 

nCURE  17.  STOP  CONTROL  USING  HS-SOCBSRH  MAXIMUM 
MODE  STATUS  UNES 

When  used  in  this  configuration,  the  HS-82C85RH  will 
automatically  recognize  a  software  HALT  command  from  the 
HS-80C86RH  and  stop  the  system  docks  or  osdIlator.This 
allows  complete  software  control  of  the  STOP  function. 

If  the  HS-80C86RH  is  used  in  the  MINimum  mode,  the 
HS-82C85RH  can  be  controlled  using  the  S2/STOP  input 
(with  SO  and  SI  held  high).  This  can  be  done  using  the  dr- 
cuit  shown  in  Rgure  18.  Since  the  HS-80C86RH,  when  exe¬ 
cuting  a  halt  Instruction  In  minimum  mode,  issues  a  single 
ALE  pulse  with  no  corresponding  bus  signals  (DEN  remains 
high),  the  ALE  pulse  wil  be  ctocked  through  the  74HC74  and 
put  the  HS^2Ca5RH  into  stop  mode. 

The  HS-82C85RH  status  Inputs  Sl^TOR  SI.  SO  are 
sartpled  on  the  rising  edge  of  CLK.  The  osdilator  (F/C  LOW 
only)  and  clock  outputs  are  stopped  by  S2ySTOP,  SI,  SO 
being  in  the  LHH  stale  on  a  low-lo-high  transition  of  CLK. 
This  LHH  stale  must  follow  a  passive  HHH  state  occurring 
on  the  previous  low-to-high  CLK  iransiiion.CLK  and  CLK50 
will  stop  in  the  logic  HIGH  state  after  two  additional  complete 
cydes  of  CLK.  PCLK  stops  in  Its  current  state  (HIGH  or 
LOW).  This  Is  true  for  both  SLOW  and  FAST  mode 
operation. 

Stop-Oscillator  Mode 

When  the  HS-82C85RH  is  stopped  while  in  the  crystal  mode 
(F/C  LOW),  the  osdilator.  in  addition  to  all  system  dock 
signals  (CLK,  CLK50  and  PCLK),  are  stopped.  CLK  and 


HS-«OCteRH 

MtoROPROCESSOA 


IHS-t2C«SRH 
CLOCK  CONTROLLER/ 
GENERATOR 


TOHSaOCMH  , 
a  PERIPHERALS' 


FIGURE  18.  STOP  CONTROL  USING  HSaOC86RH  IN  MINIMUM  MODE 
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CLK50  stop  In  the  high  state.  PCLK  stops  In  Is  current  state 
(high  or  Icjw). 

Wlh  the  oscillator  stopped.  HS-82C85RH  power  drops  to  Its 
lowest  level.  All  docks  and  osdilators  are  stop^.  All 
devices  in  the  system  wNch  are  driven  by  the  HS-82C8SRH 
go  into  the  lowest  power  standby  mode.The  HS-82C85RH 
also  goes  into  standby  and  requires  a  power  supply  current 
of  less  than  100mA. 

Stop-Clock  Mode 

When  the  HS-82C85RH  is  in  the  EFI  mode  (F/C  HIGH)  and 
a  STOP  command  is  Issued,  all  system  dock  signals  (CLK, 
CLKSO  and  PCLK)  are  stopped.  CLK  and  CLK50  stop  In  the 
high  state.  PCLK  stops  In  Its  current  state  (high  or  low). 

The  HS-82C85RH  can  also  provide  its  own  EFI  source 
simply  by  connecting  the  OSC  output  to  the  EFI  Input  and 
puling  the  F/C  ir^xit  HIGH.  This  puts  the  HS-82C85RH  into 
the  External  Frequency  Mode  using  its  own  oscillator  as  an 
external  source  signal  (See  Rgure  19).  In  this  confguration. 
when  the  HS-82C85RH  is  stopped  in  the  EFI  mode,  the 
osdilator  continues  to  run.  Only  the  clocks  to  the  CPU  and 
peripherals  (CLK,  CLKSO  and  PCLK)  are  stopped. 


STOP 

CONTROL 


XI 

X2 

EFI 

OSC 

F/e 

S2«TOP 

$1 

START 

se 

START 
■  COUTTROL 


FIGURE  19.  STOP-CLOCK  MODE  IN  EFI  MODE  WITH  OSCILLA¬ 
TOR  AS  FREQUENCY  SOURCE 


Clock  Slow/Fast  Operation 

The  SLO/FST  Input  determines  whether  the  CLK  and  CLKSO 
outputs  run  at  full  speed  (crystal  or  EFI  frequency  divided  by 
3)  or  at  slow  speed  (crystal  or  EFI  frequency  divided  by  768) 
(See  Figure  20).  When  in  the  SLOW  mode,HS>82C85RH 
stop-dock  and  stop-osdilator  functions  operate  in  the  same 
manner  as  in  the  FAST  riKxJe,  and  the  frequency  of  PCLK  is 
unaffected. 

The  SLOW  mode  allows  the  CPU  and  the  system  to  operate 
at  a  reduced  rate  which,  in  turn,  reduces  system  power.  For 
example,  the  operating  power  for  the  HS-80C86RH  CPU  is 
lOmA/MHz  of  clock  fr^uency.  When  the  SLOW  rtKxJe  is 
used  in  a  typical  5MHz  system,  CLK  and  CLKSO  run  at 
approximately  20kHz.  At  this  reduced  frequency,  the 
average  operating  current  of  the  CPU  drops  to  200mA. 
Adding  the  HS<80C86RH  500mA  standby  current  brings  the 
total  current  to  700mA. 

While  the  CPU  and  peripherals  run  slower  and  the 
HS-82C85RH  CLK  and  CLKSO  outputs  switch  at  a  reduced 
frequency,  the  main  HS<82C85RH  osdilator  is  still  mining  at 
the  maximum  frequency  (determined  by  the  crystal  or  EFI 
input  frequency.)  Since  CMOS  power  is  directly  related  to 
operating  frequency,  HS-82C85RH  power  supply  current  will 
t^icalty  be  reduced  by  25%  -  35%. 

Internal  logic  requires  that  the  SLO/FST  pin  be  held  low  for 
at  least  195  osdilator  or  EFI  dock  pulses  before  the  SLOW 
nxxje  command  Is  recognized.  This  requirement  eliminates 
unwanted  FAST-to-SLOW  mode  frequency  changes  which 
could  be  caused  by  glitches  or  noise  spikes. 

To  guarantee  FAST  mode  recognition,  the  SLO/FST  pin 
must  be  held  high  for  at  least  3  OSC  or  EFI  pulses.  The 
HS-82C85RH  wil  begin  FAST  mode  operation  on  the  next 
PCLK  edge  after  FAST  command  recognition.  Proper  CLK 
and  CLKSO  phase  relationships  are  maintained  and  mini¬ 
mum  pulse  width  specifcatlons  are  met 

FAST-to-SLOW  or  SLOW-to-FAST  mode  changes  will  occur 
on  the  next  rising  or  falling  edge  of  PCLK.  It  is  important  to 
remember  that  the  transition  time  for  operating  frequency 
changes,  which  are  dependent  upon  PCLK,  will  vary  with  the 
HS-82C85RH  oscillator  or  EFI  frequency. 


~uc  JTJTJXJTJTJ^^ 


SECjfst 


HGURE20.  SLOW/FAST  TIMING  OVERVIEW 
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Slow/Fast  Mode  Control 

The  HS-82CSSARH  programmaWo  peripheral  interface  can 
be  used  to  provide  sbw/fast  mode  control  by  connecting  one 
of  the  port  pins  directly  to  the  SLO/FST  pin  (See  Figure  21). 
With  the  port  pin  configured  as  an  output,  software  control  of 
the  SLO/FST  pin  is  provided  by  simply  writing  a  logical  one 
(FAST  mode)  or  logical  zero  (SLOW  Mode)  to  the 
corresponding  port.  PORT  C  is  well-suited  for  this  fmction 
due  to  its  bit  set  and  reset  capabilities. 


nCUREZI.  SLOW/FASTUODECOMTROLUSlNOHS-ezCSSRH 
PERIPHERAL  INTERFACE 


Alternate  Operating  Modes 

Using  akemate  rtxxies  of  operation  (slow,  stop-dock,  stop- 
osdllator}  will  reduce  the  average  system  operating  power 
dissipation  In  a  static  CMOS  system  (See  Table  2).  This 
does  not  mean  that  system  sp^  or  throughput  must  be 
reduced.  When  used  appropriately,  the  slow,  stop-dock, 
stop-oscilator  nxxles  can  make  your  design  more  power- 
effident  while  maintaining  maximum  system  performance. 


TABLE  2.  TYPICALSYSTEIKt  POWER  SUPPLYCURHEMT  FOR 
STATIC  CtNOS  OPERATING  MOOES 


FAST 

SLOW 

STOP- 

CLOCK 

STOP- 

OSC 

CPU  Frequonqr 

5MHz 

20KHZ 

DC 

DC 

XTAL  Frequency 

15MHz 

15MHz 

15MHz 

DC 

iOO 

IHH 

HS-80C86RH 

50mA 

2.5mA 

250)iiA 

250(iA 

HS-82C8SRH 

24.7fnA 

16.9mA 

14.lmA 

24.4|tA 

HS-a2C08RH 

1.0mA 

10.0mA 

I.O^A 

I.OpA 

B2Ca2 

1.7mA 

6.5mA 

10|iA 

I.OpA 

HS-82CS<RH 

943.011A 

915.0|iA 

I.OiiA 

1.0^A 

HS-82C55ARH 

3.2pA 

1.2|iA 

1.0^ 

I.OpA 

74HCXX-f  Other 

2.9mA 

no.OjiA 

90.0mA 

90.0mA 

HS-6S262RH 

4.0mA 

50.011A 

10.0pA 

10.0)iA 

HS-6617RH 

e.3mA 

52.5pA 

12.0mA 

12.0^A 

NOTE:  Alltneasurementstakenatroomtemperature.VDO-+5.0V. 
Powor  supply  current  leveb  wll  bo  dependont  upon  sysrem 
conflguratJoo  and  frequency  of  operation. 


Oscillator 

The  oscillator  drciilt  of  the  HS-82C85RH  Is  designed 
primarily  for  use  with  an  external  parallel  resonant, 
fundamental  mode  crystal  from  which  the  basic  operating 
frequency  is  derived.  The  crystal  frequency  must  be  three 
times  the  required  CPU  clock.  XI  and  X2  are  the  two  crystal 
input  connectkxis.  The  output  of  the  osallalor  is  buffered 
and  available  at  the  OSC  output  (pin  18)  fa  generation  of 
other  system  liming  signals. 

For  the  most  stable  operation  of  the  oscilata  (OSC)  output 
circuit,  two  capacitors  (Cl  -  C2)  are  recommended. 
Capacitors  Cl  and  C2  are  chosen  such  that  their  combined 
capacitance  matches  the  load  capacitance  as  specified  by 
the  crystal  manufacturer.  This  insures  operation  within  the 
frequency  tolerance  specified  by  the  crystal  manufacturer. 

The  crystal/capadtor  configuration  and  the  formula  used  to 
determine  the  capacitor  values  are  shown  In  Figure  22. 
Crystal  Specifications  are  shown  In  Table  3.  Fa  additional 
information  on  crystal  operation,  see  Harris  publication  Tech 
Brief  47. 


CT*  1—  (Including  stray  capacitance) 
Cl  +C2 

FIGURE  22.  CRYSTAL  CONNECTION 


TABLE  1  CRYSTAL  SPECinCATlOHS 


PARAMETER 

TYPICAL  CRYSTAL  SPECIFICATION 

Frequency 

2.4MHz  to  1SMHZ 

Type  of  Operation 

Paralel  Resonant  Fund.  Mode 

Load  Capodtanca 

20pF  or  32pF 

R  SERIES  (Max) 

56Q(f.1SMHz,CL-32pn- 

1050  (r- 1SMHZ,  CL  -  20pF) 

Frequency  Source  Selection 

The  F/C  input  Is  a  strapping  pin  that  selects  eltha  the  crystal 
oscillator  or  the  EFI  input  as  the  source  frequency  for  dock 
genaation.  If  the  EFI  input  is  selected  as  the  source,  the 
osdilator  section  (OSC  output)  can  be  used  independently 
lor  another  dock  source.  If  a  crystal  is  not  used,  then  crystal 
input  XI  (pin  23)  must  be  tied  to  VDD  or  GND  and  X2  (pin 
22)  should  be  left  open.  If  the  ER  mode  Is  not  used,  then  EFI 
(pin  20)  should  be  tied  to  VDD  a  GND. 
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Clock  Gonorator 

The  clock  generator  consists  of  two  synchronous  dlvlde-by- 
three  counters  with  special  clear  inputs  that  InNbit  the  count¬ 
ing.  One  counter  generates  a  33%  duty  cycle  waveform 
(CLK)  and  the  other  generates  a  50%  duty  cycle  waveform 
(CLK50).  These  two  counters  are  negative-edge  synchro¬ 
nized,  with  the  low-going  transitions  of  both  waveforms 
occurring  on  the  same  oscillator  iransition.The  CLK  and 
CLK50  output  frequencies  are  one-third  of  the  base  Input 
frequency  when  SLO/FST  Is  high  andara  equal  to  the  base 
input  frequency  divided  by  768  when  SLO/FST  is  low. 

The  CLK  output  is  a  33%  duty  cyde  dock  signal  designed  to 
drive  the  HS-80C86RH  microprocessor  directly.  CLK50  has 
a  50%  duty  cyde  output  synchronous  with  CLK,  designed  to 
drive  coprocessors  and  peripherals  requiring  a  50%  duty 
cyde  dock. 

PCLK  is  a  peripheral  dock  signal  with  an  output  frequency 
equal  to  the  oscilator  or  EFI  frequency  divided  by  6.  PCLK 
has  a  50%  duty  cyde.  PCLK  is  unaffected  by  SLO/FST. 
When  the  HS-82C85RH  is  placed  in  the  STOP  mode,  PCLK 
wil  remain  in  its  current  slate  (logic  high  or  logic  low)  until  a 
RES  or  START  command  restarts  the  HS-82C85RH  dock 
circuitry.  PCLK  is  negative-edge  synchronized  with  CLK  and 
CLKSO. 

Since  PCLK  continues  to  run  at  the  same  frequency 
regardless  of  the  state  of  the  SLO/FST  pin.  It  can  be  used  by 
other  devices  in  the  system  which  need  a  fixed  high 
frequefxry  clock.  For  example,  PCLK  could  be  used  to  dock 
an  HS-a2CS4RH  programmable  interval  timer  to  produce  a 
real-time  clock  for  the  system  or  as  a  baud  rate  generator  to 
maintain  serial  data  communications  during  SLOW  mode 
operation. 

Clock  Synchronization 

The  dock  synchronization  (CSYNC)  input  allows  the  output 
clocks  to  be  synchronized  with  an  external  event  (such  as 
another  HS-82C8SRH  clock  signal).  CSYNC  going  active 
causes  all  clocks  (CLK.  CLKSO  and  PCLK)  to  stop  in  the 
HIGH  state. 

It  is  necessary  to  synchronize  the  CSYNC  Input  to  the  EFI 
clock  using  two  flip-flops  as  shown  in  Figure  23.  Multiple 


external  f8p-flops  are  necessary  to  minimize  the  occur¬ 
rence  of  metastable  (or  Indeterminate)  states. 

Ready  Synchronization 

Two  ROY  inputs  (RDY1,  RDY2)  are  provided  to  accommo¬ 
date  two  system  buses  Each  RDY  input  is  qualified  by  its 
corresponding  AEN  input  (AEN1,  AEN2).  Reception  of  a 
valid  RDY  signal  causes  the  HS-82C85RH  to  output  READY 
high.  Informing  the  HS-80C86RH  that  the  pending  data 
transfer  may  be  conduded.  (See  HS-80C86RH  data  sheet 
system  timing). 

Synchronization  is  required  for  all  asynchronous  active¬ 
going  edges  of  either  ROY  input  to  guarantee  that  the  RDY 
set  up  and  hold  times  are  met  Inactive-going  edges  of  RDY 
in  normally  ready  systems  do  not  require  synchronization 
but  must  satis^  RDY  setup  and  hold  as  a  matter  of  proper 
system  design. 

The  ASYNC  Input  defines  two  modes  of  RDY  synchroniza¬ 
tion  operation.  When  ASYNC  is  LOW.  two  stages  of 
synchronization  are  provided  for  active  RDY  input  signals. 
Positive-going  asynchronous  RDY  inputs  will  first  be 
synchronized  to  fip-flop  one  at  the  rising  edge  of  CLK 
(requiring  a  setup  lime  TRIVCH)  and  then  synchronized  to 
flp-flop  two  at  the  next  falling  edge  of  CLK,  after  which  time 
the  READY  output  will  go  HIGH. 

Negative-going  asynchronous  RDY  inputs  will  be  synchro¬ 
nized  dreclly  to  flp-flop  two  at  the  failing  edge  of  CLK,  after 
which  time  the  RDY  output  will  go  inactive.  This  mode  of 
operation  is  Intended  fbr  use  by  asynchronous  (normally  not 
ready)  devices  in  the  system  wNch  cannot  be  guaranteed  by 
design  to  meet  the  required  RDY  setup  timing  (TR1VCL)  on 
each  bus  cycle. 

When  ASYNC  is  high  or  left  open,  the  first  RDY  flp-flop  is 
bypassed  in  the  RDY  synchronization  logic.  RDY  inputs  are 
synchronized  by  flip-flop  two  on  the  faling  edge  of  CLK 
before  they  are  presented  to  the  processor.  This  mode  is 
available  for  synchronous  devices  that  can  be  guaranteed  to 
meet  the  required  RDY  setup  time.  ASYNC  can  be  changed 
on  every  bus  cyde  to  select  the  appropriate  mode  of 
synchronization  fbr  each  device  in  the  system. 


nCUREZS.  CSYNC  SYNCHRONOATIOW  Mrmoos 
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Metallization  Topology 

DIE  DIMENSIONS: 

2770|im  X  3130Mm  x  483^ni  ±  25^m 

METALUZATION: 

Type:  Al/SI 

Thickness:  11kA±2kA 

GLASSiVATION: 

Type:  SI02 
Thickness:  SkA  ±  IkA 

WORST  CASE  CURRENT  DENSITY: 
1.6  X  10^  A/cm^ 


Metallization  Mask  Layout 


HS^2CaSRH 
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MOTOROLA 


-HEW- 


Tuning,  Hot-Carrier  and  Switching  Diod 


Abrupt  Junction  Tuning 
Diodes  . 

Motofob  suppAes  voAaoe^nable  capadance  (fiodes 
serving  the  entire  range  of  frequencies  from  HF 
through  UHF,  Used  in  ftf  recwers  and  transmitters, 
th^  have  a  variety  ot  appbcatxMK 

Two  tamies  ot  devices  are  availatrie:  Abnipt  Junction 
and  Hyper  Abrupt  Junction.  The  Abrupt  Junction 
famiJy  indudes  drrios  suitable  for  vHttaiy  aH  tuned- 
circuit  and  narrow-range  tuning  applications 
throughout  the  spectrum. 

Gentral  Purpose  Plastic  abrupt  Taaiif  Diodes 
Capadtanco  Ratio  9  2.0  Vofts/SO  VoRs 
Casi  182  -  ■n)-228AC  (TO-92)  —  2-Uad 
The  tolowing  is  a  Isting  of  plastic  padago,  gencrd- 
purpose,  abrupt  tuning  diod^.  These  devves  exhibit 
high  0  characteristics. 


CASE  laa 
TO-a2«AC 
(TO-92) 


CASE3ie-07 

TO-236A8 

SOT-23 


Mtr.'i 

Typo 

CrdV»4JV,1.8MHz 

Viyam 

(V) 

Cap.  Rabo 
CAiOO 

MiR. 

Q 

4.0  V,  SO  MHz 

Typ. 

(PF) 

Mil. 

(Pf) 

Nootani 

& 

MV2101 

6.1 

6.8 

7.5 

30 

2.5 

400 

MV2104 

10.8 

12.0 

13.2 

30 

2.5 

350 

MV2108 

24.3 

270 

29.7 

30 

2.5 

250 

MV2f09 

29.7 

33.0 

36.3 

30 

2.5 

200 

MV2111 

42.3 

47.0 

51.7 

30 

2.5 

150 

MV2115 

90.0 

1000 

110.0 

30 

2.6 

100 

Abrupt  TiMMii  Diodes  lor  FM  Radio  —  Qni 
Case  2«4- TO-228AA  (TO-92) 


Mlr.’f 

1  CrdVii'  - 

C^RaUo 

Q 

VXMXI 

(V) 

1  Dovico 
Moikini 

Stylo 

r. 

(V) 

C3;C30 

MM. 

3.0V,SOMHz 

Min. 

MV104 

37 

42 

3.0 

2.5 

100 

32 

-* 

15 

Abr^  TmMi  Oiodos  lor  FM  Radio  -  0 
Case  31847  —  TO-238  AD  (SOT-23) 

MM6V432LT1 

1 

48.1 

2.0" 

i  i 

I  100 

1  ''  1 

M4B 

1  ^ 

’CSAa.'EachOtodfl. 


Hot-Carrier  (Schottky)  Diodes 


Hot-Carrier  diodes  are  ideal  for  VHF 
and  UHF  mixer  and  detector 
appfeahoRS  as  wel  as  many  higher 
frequency  applications.  They 
provide  stable  electrical 
characteristics  by  eliminating  the 
pomt-contact  diode  presenity  used 
n  many  appications 

Hot-Carrier  (Schottky) 
Diodes 


CASE  182 
TO-22«AC 
(TO-^) 


CASE  318-07 
T0-238AB 
SOT-23 


Cue  182 -TO-22SAC  (TO-92) 
The  following  is  a  tisbng  of  hot 
carrier  (Schottky)  diodes  that 
exhibit  krw  (orwani  voltago  drop 
kir  impravod  circuit  efficioncy. 


STYLES 

1 — N - 03 

saaGLE 
STYLE  11 


STYLE  9 
W  T--1^ 


COMMON  CATHOOE 


-  Mb.’t 

Typo 

VPM 

(V) 

CtMVi 

US. 

VrOllaA 

& 

hOlh 

(bA) 

Max. 

Mioorty 

UMmo 

{pt)Typ. 

Dtvico 

Marking 

Stylo 

MB0701 

70.0 

1.0020V 

1.0 

200  0  35.0  V 

15 

- 

1 

MBD301 

30.0 

1.5  015  V 

0.6 

2000  25.0  V 

15  1 

— 

1 

MB0101 

7.0 

1.000V 

0.6 

2500  3.0  V 

— 

1 

Cast  21 M7  -  TO-236A8  (50T-23) 


MM80701LT1 

70.0 

1.0020V 

2000  35.0  V 

5H 

n 

MMB0301LTI 

30.0 

1.501SV 

200  0  25.0  V 

4T 

MMB0101LT1 

7.0 

1.000V 

250  0  3.0  V 

4M 

MM80352LT1’ 

7.0 

I.OOOV 

2500  3.0  V 

MSG 

11 

MMB0354LTr 

7.0 

1.000V 

2500  3.0  V 

M6H 

9 

Hyper  Abrupt  Junction  Tuning  Diodes 


CASE  318-47 
TO-236AS 
SOT-23 


HI4- 


CASE318E 

SOT-223 


-o  I 
Anode 

'  STYLE  6  .  style  2  I 

Tuning  Diodes  ^  Hyper-Abntpt  Junction 

The  Hyper-Abrupt  famiy  exhibits  higher  capaatance,  and  a  much  larger  capaatance  ratio.  It  is  particdariy  weff  sute 
wvler-range  appicalion  such  as  AM4^  radio  and  TV  tuning. 

Hyp«-Abrt«t  Tuidaa  OMes  For  TiiKarMmiiiicatlorB  — 

C»e182-T0Su:(Tl«)  .  . 

The  toiowingB  a  feticigot  hyper-abrupt  tuning  diode  inte^  frequency.  FM  radio,  and  TV  tuner  appfcabo 


MIr.’s 

Typ8 

CTOVa(bl.lMHz)  ] 

Cap.RaliflOVii 

Q  '  i 

US. 

(V) 

MM. 

Max. 

(V) 

3.0  V 

MM. 

SOKlMz  : 
Max.  ; 

(V) 

S7 

MV209 

26.0 

32.0 

3.0 

5.0 

6.5 

3/25 

200 

-  1 

30 

- 

Hypor-Abrii|t  TofiiM  OMh  For  TolM«ninMlotlo« -- Sii^ 
Cas*31«-07^~TolMAI(f - 


I  (SOT-23) 


MMBV105GLT1 

MMBV109LT1 

MM8V409LT1 

MM8V3102LT1 


1.8 

2.8 

25.0 

40 

6.0 

3/25 

200 

_ 

30 

M4E 

26.0 

32.0 

3.0 

5.0 

6.5 

3/25 

200 

— 

30 

M4A 

26.0 

32.0 

3.0 

1.5 

2.0 

3/8 

200 

— 

20  ! 

X5 

20.0 

,25.0 

3.0 

4.5 

—  j 

3/25 

200 

“ 

30  1 

M4C 

Hypor-Abmpt  TariM  OMis  For  Cm 

Ca«  31847 -TOlwi  (SOT-23)  _ 

MMBV6091T1  |  260  | ‘32.0  |  3.0  |  1.8  |  2.4  |  3/8  |  250  j  —  |  20  |  5L  |  ~ 

Hypw-Abrupl  TiwiM  OMif  For  Low  FrapDOflcy  Appbcalie^ 

CaMll2-T(^25lC(T042)  ^ 

The  lolowing  is  a  listing  ot  AM.  hyper-abrupt  tuning  diodes  that  have  a  large  capacity  range  and  redesigned  fo 


Mlr.’i 

Typt 

(h«1.IMHz 

Cap.  Ratio  9  Ve 

Vika 

(V) 

sw 

iC 

00 

MM. 

(V) 

MVAM108 

440 

560 

1.0 

15 

1. 0/8.0 

12 

I 

MVAM109 

400 

520 

1.0 

12 

I.Qfl.O 

15 

1  1 

MVAM115 

440 

560 

1.0 

15 

1.0/15.0 

18 

1 

MVAM125 

440 

560 

t.o 

15 

1.Qi?5.0 

28 

1 

t^-A^Higb  CapaeSMnVP^  Va^  DMo  Satte 


fKirwt:1~^Aiiorlf.2.4-Caftoet.3-HC.(Cait3iaE-SOT-223)  < 

The  folowing  are  high  capacitance  volage  varrable  diodes  intended  for  low  frequency  applications  and  arcuits  req^ 
large  tuning  capaatance. 


Mll.’s 

Typo 

V 

j 

la 

rA 

I  CrdWI.OMHz  { 

Cap.  Ratio 
MM. 

Q 

Min. 

(pF) 

MM. 

c 

Stylo 

MV7005T1 

MV7404T1 

15 

12 

100 

100 

400 

96 

520 

144 

12’ 

10» 

150" 

200* 

2 

2 

Vtel  0  V/Vi»=9.0 V.  'V(»=2.0  V/Va-10  V.  Voal-O  V.  f»1.0  MHz:  Vi»=2.0  V.  f*1.0  WtZL 


Switching  Diodes 


Smal-signai  switching  diodes  are  intended  for  low  current  switching  and  sfeerinq  applications.  Hot-Carrier.  PIN  and 
generat-purpose  (bodes  aBow  a  wide  selection  tor  specific  application  requirements. 

PIN  Switchiim  Diodes 

CMP1I2— T0-22IAC(T042) 

The  folowing  PWdtote  are  deigned  tor  VHF  band  switching  and  gcneral-pofpose  tow  curreiit  switching  appfcaiions. 


■*T 


MIr.'t 

Typo 

Vpw 

CtOVxOI.OMHz 

ki9Va 

Sorm 

Dovico 

MarUng 

Stylo 

&. 

(V) 

(>A) 

Max. 

ja 

MPN3700 

200 

1.0 

20 

01  0150 

1.000 10  mA 

_ 

1 

MPN3404 

20 

2.0 

15 

0.1  0  25  V 

0.85  0  10  mA 

1 

CASE  182 
TO-226AC 
(TO-92) 


“O  1 
Anode 


CASE  318-07 
TO-238Aa 
SOT-23 

STYLE  8  ' 

lO— W - 03 


COMMON  cathode 

(  STYLE  12 

-O  2  1  O - \4 - 1 - W” 


COMMON  ANOOE 


758  -4  AUJED 


Need  Larger  Qaantltv  Prices?  Call  1-80Q-433-S7(HJ  For  Promot  Handli 


Resistors 


OHMITE* 


''*treous  Enamel  Molded 
ewound  Resistors 


2V<  Watte  (continued) 


5  Watte  (continued) 


Dimensions 


Power 

Rating 

Max.  Length-A  | 

Max.  Dia.-B 

Leads 

Ga. 

Weight 

(9) 

In. 

mm 

In. 

mm 

IV2W 

.437 

11.1  ' 

.140 

3.6 

24 

.50 

2V4W 

.390 

9.9 

.219 

5,6 

20 

.80 

3V4W 

.562 

14.3 

.234 

5.9 

20 

1  20 

5W 

.953 

24.2 

.234 

5.9 

20 

1.80 

11  W 

1.796 

45.6 

.343 

8.7 

20 

6.40 

Features 

►  Molded  Construction  Provides  Consistent  Shape  And 
Size  (Permits  Mounting  in  Clips  Which  Eitends  Power 
Rating) 

►  Meets  MII*R-26  Requirements  For  Insulated  Resistors 

►  All-Welded  Construction 

►  Flame  Resistant  Vitreous  Enamel  Coating 

►  5%  Tolerance 

Molded  construction  provides  consistent  shape  and  size 
which  permits  mounting  in  clips  to  extend  power  rating. 
Mechanical  integrity  is  enhanced  by  the  ail-welded 
construction  and  the  vitreous  enamel  coating  is  flame 
resistant.  The  durable  vitreous  enamel  coating,  which  is 
silicone-free,  permits  the  resistors  to  ntaintain  a  hard 
coating  while  operating  at  high  temperatures.  Ceramic  core 
with  solder  coat&j  axial  leads. 

11/2  Watts 


Stock 

Mfr.'s 

Ohms 

EACH 

No. 

Type 

1-49 

50-99 

.96-0655 

91J1R0 

1 

3.55 

3.02 

296-0656 

91J1R5 

1.5 

3.55 

3.02 

296-0657 

91J2R0 

2 

3.55 

3.02 

296-0660 

3.55 

3.02 

3.55 

3.02 

296-0659 

91J3R3 

KIcHI 

296-0661 

91J10R 

10 

2.80 

2.36 

296-0562 

91J15R 

15 

2.80 

2.36 

2964)663 

91J18R 

18 

2.80 

2.36 

296-0664 

91J22R 

22 

2.80 

2.36 

2964)666 

91J33R 

33 

2.80 

2.36 

2964)667 

91J36R 

36 

2.80 

2.36 

296-0668 

91J47R 

47 

2.80 

2.36 

2964)669 

50 

2.80 

2.36 

296-0671 

91J75R 

75 

2.80 

2.38 

2964)672 

91J91R 

91 

2.88 

2.38 

296-0665 

91J100 

100 

3.08 

2.62 

296-0673 

91J120 

120 

3.06 

2.62 

296-0674 

91J180 

180 

3.08 

2.62 

2964)676 

91J220 

220 

3.08 

2.62 

296-0677 

91J270 

■IT 

2.62 

296-0678 

91J330 

■)  >1- 

2.52 

2964)679 

Bums 

■nT 

2.62 

2964)681 

91J620 

Rj 

2.62 

296-0682 

91J820 

2.62 

2964)670 

2.68 

296-0683 

91J1K2 

2.68 

296-0664 

91J1K5 

■jpn 

■  1  iK 

2.66 

296-0688 

91J2K0 

iSip 

2.68 

296-0667 

91J2K2 

Kofi 

2.66 

21/4  Watts 


2964)686 

2964)669 

296-0691 

2964)692 

296-0693 

1 

Wt 

1.47 

1.47 

1.47 

1.47 

1.47 

"  296-0694 

92J3R3 

RIM 

296-0896  ^ 

■tl 

RiKR 

296-0697 

92J4R7 

Km 

RIyR 

296-0698 

92J7R5 

mSM 

mStm 

296-0699 

92J10R 

10 

1.23 

Stock 

Mo. 

Mfr.’s 

Type 

EACH 

Stock 

No. 

Mfr.'s 

Type 

EACH 

Ohms  - 

1-49 

50-99 

unms 

1-49 

5699 

296-0701 

295- 0702 

296- 0703 
296-0704 
296-0706 
2964)707 

92J15R 

92J22R 

92J47R 

92J62R 

92J100 

92J120 

15 

22 

47 

62 

100 

120 

1.45 

1.45 

1.45 

1.45 

1.45 

1.45 

1.23 

1.23 

1.23 

1.23 

1.23 

1.23 

2960765 

296-0771 

2960772 

296-0770 

296-0773 

95J33R 

95J39R 

95J40R 

95J50R 

95J62R 

33 

39 

40 

50 

62 

1.52 

1.52 

1.52 

1.52 

1.52 

1.29 

1.29 

1.29 

1.29 

1.29 

2960774 

2960776 

2960775 

2960777 

2960778 

95J75R 

95J82R 

95J100 

95J120 

95J150 

75 

82 

100 

120 

150 

1.52 

1.52 

1.52 

1.52 

1.52 

1.29 

1.29 

1.29 

1.29 

1.29 

296-0708 

296-0709 

2964)711 

296-0712 

2964)713 

296-0675 

92J130 

92J220 

92J270 

92J330 

92J390 

92J470 

180 

220 

270 

330 

390 

470 

1.45 

1.45 

1.45 

1.45 

1.45 

1.45 

1.23 

1.23 

1.23 

1.23 

1.23 

1.23 

2960779 

2960781 

2960782 

296-0783 

2960784 

95J180 

95J200' 

95J220 

95J250 

95J270 

180 

200 

220 

250 

270 

1.52 

1.52 

1.52 

1.52 

1.52 

1.29 

1.29 

1.2J- 

1.29 

1.29 

296-0714 

2964)716 

2964)717 

2964)718 

296-0680 

2964)685 

92J510 

92J680 

92J820 

92J1K0 

92J1K2 

92J1K8 

510 

680 

820 

1K 

1.2K 

1.8K 

1.84 

1.84 

1.84 

2.11 

2.11 

2.11 

1.56 

1.56 

1.56 

1.79 

1.79 

1.79 

2960786 

2960787 

2960786 

2960780 

2960789 

95J330 

95J400 

95J470 

95J1K0 

95J1K2 

330 

400 

470 

IK 

1.2K 

1.52 

1.52 

1.52, 

1.84- 

2.14 

1.29 

1.29 

1.29 

1.56 

1.82 

3V4  Watts 

296^)690 

93J1R0 

1 

1.44 

1.22 

2960791 

95J1K5 

1.5K 

2.14 

1.82 

2964)695 

93J2R0 

2 

1.44 

1.22 

2960792 

95J2K0 

2K 

2.14 

1.82 

2964)722 

93J3R0 

3 

1.44 

1.22 

2960785 

95J2K5 

2.5K 

2.50 

2.13 

296-0700 

93J4R7 

4.7 

1.44 

1.22 

2960793 

95J3K0 

3K 

2.50 

2A2 

2964)723 

93J5R0 

5 

1.44 

1.22 

2960794 

95J3K3 

.3.3K 

2.50 

2.13 

296-0724 

93J10R 

10 

1.21 

1.03 

296*0796 

95J4K7 

4  7K 

2.50 

2.13 

296-0726 

93J15R 

15 

1.21 

1.03 

2960790 

95J5K0 

5K 

3.04 

2.56 

296-0727 

93J16R 

16 

1.21 

1.03 

2960795 

95J5K6 

■  5.6K 

3.04 

2.58 

2964)728 

93J22R 

22 

1.21 

1.03 

2960797 

95J6KQ 

6K 

3.04 

2.56 

2964)729 

93J33R 

33 

1.21 

1.03 

2960800 

95J10K 

10K 

3.04 

2.56 

2964)731 

93J39R 

39 

1.21 

1.03 

2960805 

95J12K 

12K  • 

3.04 

2.56 

296-0732 

93J47R 

47 

1.21 

1.03 

296-080T 

95J15K 

15K 

3.04 

2.58 

2964)705 

93J50R 

50 

1.21 

1.03 

2960810 

95J16K 

16K 

3.04 

2.58 

296-0733 

93J68R 

68 

1.21 

1.03 

2960803 

95J18K 

18K 

3.04 

2.56 

296-0734 

93J82R 

82 

1.21 

1.03 

2960815 

95J20K 

20K 

3.63 

3.09 

29641710 

93J100 

100 

1.21 

1.03 

2960606 

95J25K 

25X 

3.83 

3.09 

2964)736 

93J120 

120 

1.21 

1.03 

29^0737 

93J130 

130 

1.21 

1.03 

11  Watts 

. 

2964)738 

93J150 

1.21 

1.03 

2960605 

9OJ5R0 

R9 

2.31 

1.96 

296-0739 

93J180 

1.21 

1.03 

2960597 

90J10R 

Bvl 

2.31 

1.96 

296-0715 

93J220 

220 

1.21 

2960598 

90^1 1R 

Bn 

2.31 

1.96 

296-0741 

93J270 

270 

1.21 

1.03 

2960599 

90J15R 

2.31  . 

1.96 

296-0742 

330 

1.21 

2960609 

2.31 

1.96 

'  2964)743 

mm 

390 

1.21 

iBiS 

2960611 

2.31 

1.96 

2964)744 

93J470 

Ml 

■RR 

1.03 

2960612 

90J25R 

1.96 

2964)746 

93J510 

1.32 

2960613 

90J30R 

M« 

^FmR 

1.36 

296-0747 

93J680 

1.32 

2960610 

90J33R 

M$R 

PiR 

’  1.96 

296-0748 

93J820 

1.32 

2960614 

90J47R 

^FmR 

1.96 

29^0720 

93J1K0 

RjffR 

1.50  - 

2960018 

90J50R 

R  EH 

1.96 

2964)749 

93J1K8 

HOI 

1.50 

2960815 

90J62R 

BEH 

1.96 

29M751 

mmt 

2K 

1.76 

1.56 

2960617 

90J75R. 

75 

2.31 

1.96 

2960725 

93J2K4 

2.4K 

1.76 

1.50 

2960018 

"’90J82R 

82 

2.31 

1.96 

2960752 

93J3K3 

3.3K 

2960820 

2.28 

1.94 

2960753 

93J4K0 

4K 

RIR 

2960621^  . 

KiUKll 

2.28. 

1.94 

2960754 

93J4K7 

4.7K 

mXm 

2960622 

I  90J150 

150 

2.28 

1.94 

2.46 

2  11 

296-0633 

220 

2.28 

I.SW 

2960/90 

296-0730 

93J5K6 

5.6K 

2146' 

2.11 

2960634 

1  90J270' 

\mm 

2.28 

1.94 

2960735 

93J6K8 

6.8K 

2.46 

2.11 

296-0625 

330 

2.28 

1.94 

2960740 

93J10X 

10K 

2.46 

2.11 

2960630 

Wm 

2.61 

2.22 

9  M 

290-0037 

1  SUJ1^U 

5  Watts 


296-0745 

T 

1.72 

1.46 

2966757 

95J1R2 

1.2 

1.46 

2960756 

9532R0 

2 

1.46 

2960759 

95J2R4 

2.4 

1.46 

2960761 

95J3R0 

3 

1.46 

296-0782 

95J3R3 

3.3  " 

1.72 

1.46 

29S476» 

95J4R0 

4 

1.72 

1.46 

2960750 

95J5R0 

5 

1.72 

t.46 

2960755- 

95J6R8 

--  6.8 

1.72 

1.46 

2960760 

95J10R 

10. 

1.52 

,1.29,  . 

2960754.: 

95J15R  : 

15 

1.52,. 

1.29 

2960768 

-  95318R  : 

18 

1.52 

1.29 

2960767 

95J22R 

22 

1.52 

1.29: 

2960766 

95J25R 

25 

1.52 

1.29 

2960769 

95J30R 

30 

1.52 

1.29 

296-0638 

296-0639 

296-0641 


296-0642. 

296r0630ti 


296-06351 

296-0644 

296-0640^ 


29641646. 

2964)648: 

296-0643rV 

■2! 


90J1K2 
'  90J1K3 
-  90J1K5 


^90J2K0 
£90)21(5 
l,.9OJ5K0. 
£1*9017X5- 
ln‘.9OJ10K4 
i‘''90j12KV 
MonsjT 

^  9ai2or.r 

f;-goU25X- 

B9(U27K'' 

E9OI30K-- 

'‘-90J33K'^ 

^9(V50K: 


1.2K 

1.3K 

1.5K 


2K: 
2.5K' 
5K' 
‘7.5K, 
lOlC 
-  121C 


iT'i  20k:.: 
I  251^  ' 

;  ,  27IC:- 

•  i  zm 

.  33K 
‘50K 


2.92 

2.92 

2.92 


2.92 

3.29. 

3.85 

3.85 

3.854: 

3.85 

3;S5 


3.85^ 
;4.46: 
,  4.46 
4.46' 
4.46 
4.46 
!4,46‘ 


2.46 

2.46 


2.46 

2.80 

3.27. 

3.27* 

3.2T: 

3.27 

3.27' 


V3.27- 
3.79. : 
i'v|79 
3.79 
3.75 
3.79* 
3.79- 


M  Items  Listed  Are  In  Stock  ReaifyFor.Shiim^Ta.Yoiii, 


AlllEIkP’dSZ 


im 


.f- 

f: 


Microprocessor  Crystal^,  Crystali 


Microproce^or  Crystal  Units 

^  . 


.  V  ^  V*r  .  «r 


TypeA  HO-4aai 
Typ«CH045m  '  . 


‘Freqtjency'Staibiajr  -  -^'*:  ^ 

■^V^T8mpento«520^  W  f  70* 


Aging'.  - 


LoadCap^atakA  ^  ?^r.. ,; 
^ont  Capacft^,  •  ^  l  *  .' 


Odv«lewl. ' 


—  '  TJXXfMHz-  :  4.000  MHr 

M.i  ..r  ^  ' 1.800  MKr-mOOO  MHz; 
■  '*  -  3579645  MHz -30^000  MHz. 


i'Tr30|)pintypF(t50ppm  mSx) - 

•  .  v  -'  V  xs'.i:iju;£« 

±  50  ppdi  typ  u  1i»  PP»n  'rax),  |  i;;; 


t5ppni;/y«r  ./ 


12to32pf  r-"'.  -.  ■ 


7j»Fmajt 


ImW ;: 


-  - 


ParfKumberiog  Sy^em 

EajT»fc->3.^7g45»1t  ' 


■MBM 

a 

^3  .i79545  y; 

•• 

!•; ' 

a 

Holdefjypt:  ’ 

, . 

FfBQoency  .  y,  . 

Capadtancs, .. 

'C 

A'  HC*49A>  • 

y 

-  -  :  .  OnMHz) 

.  (12pF-32pF)Fw 

8-<HC*33AJ;  SI 

f ' 

•  V  '  •'  '  ■ 

^  • 

.F^nld  Resonanca 

C--%45Aj  ' 

i  vV: 

a-ycir  HC^^StA) 

r  ^ '  >j;;s 

•r-Jbf.Series-.  •- 

.y? 

*“4tosonanca''*^-’"  -  ■  ‘ 

ri''--':  '  .  ‘ 

i.-- ' 

i  ^  ■  .<  •  S  -..  : 

c.r- 

r.. . 

.::iu - ^ 

•7“ 

V'-  itr,^v.i<y 

EnMlK  a:32.Ih-1MII0 


^•Wsaf' 


SS'PlBtto'Spioir^' 


(ForoMreOMHzOrgy) 
3dT  -  3nJ  OvBftofM 
5(Tf-MiOw^ 
TOT'TtttWtoni 
90r  -  90»  Ov^rtbw 


Stock 

Pto.: 

y  Tlfpt  *  “ 

-flBfe)- 

ItoWM 

Q* 

1  ■  EACH 

T4I 

109<Up' 

996«ee 

A-1iX)0-10  - 

1.000000 

HC45ir 

147 

A^1.8<3a*TB‘-  • 

1543200 

km 

'7^00 

■2:5f 

'2.29 

9104121 

A-2,457M8J. 

2.457800 

HC49AJ 

400 

241 

1.99 

99e-ai3e 

A4^;r954$'18 

3579b« 

HC4iu 

:i80 

1.17 

1.95 

99rti« 

A-'lieeo-ia- 

3.68m 

HC49A; 

160 

i;m 

1.91 

9f0415e 

A-oppo-ie  y  / 

4000^ 

HC49AJ 

100 

14B 

1.99 

99MieS 

A4'ji96-18  .  i^  i 

4.096000 

HC4^ 

100 

149 

1.99 

f9Mf7e 

A4;i94304-18' 

^194W 

tC49AJ 

.100 

13 

1.89 

sei^ie 

A4.odo-ia,v  i 

6  000000 

HC49AJ 

'^50 

13 

1.91 

•9M19a 

Ae.ifOiie 

1144000 

HC40AJ 

50 

13 

1.99 

991^ 

A-7:3728-ir 

7572800 

HC49AJ 

40 

13 

1.99 

9904219 

A-ogoo-is: 

loooboo 

HC49Ai 

35 

13 

1.B8 

9904229 

A'9S304kie 

9.830400 

IC49AJ 

35 

13 

1.91 

9l0423e 

A-1 1.0992*18'' 

1155920 

HC49ra 

*13 

1.99 

9904249 

A<1ZOOOO>18 

12.00000 

HC49Ai 

30 

13 

1.09 

99OO2S0. 

A-i2i8e';i8 

1128800 

HC49/U 

13 

1.17 

990^ 

i(-.145lifl'n8 

1451818 

HC49Ai 

25 

1  1.39. 

1-17 

99S-^. 

A-KrAso-ia 

l’4:74^ 

HC4SAJ 

L25.; 

13 

1.17  V 

9994289 

A-iiootKie  • 

15.00000 

HC49Ai 

25 

:  13 

1.17 

Maop^is  _ 

.Hp^. 

1*39 

1^7 

990M 

A-'l|k4K-18 

164^ 

20 

13 

.  1.17  . 

9964311 

fr20:bOO-T8"” 

20.00000 

HC49AJ 

:20 

..13. 

1.17 

9904^ 

24.00000 

HC4^ 

20 

1.39 

1-17 

99l^' 

A-24.^,18  > 

2457600 

HC4WU 

40 

13 

1.17 

^  r;;i 


-H04au  — 
RESISTANCE  WeJ) 


f.M  (4.88  mm) 


.452*Tn» 

1 

■  1  -- 

{ri5mrnj 

Af.  .'c  ■ ; 

r:  g 

-71 

Clock  Oscillators  ■  TTL  Compatible 

Speciflcalioiw 


MoM  ' 

COeOOOFamiy  - 

tVtiti  ' 

14  Pin  DIP  8  Pin  DIP 

14  Pin  DIP  .  . 

FrtqNacy  Rani* 

250  KHz  to  80  MHz 

SOOKHztoTW 

umih 

Tutotntan  Raogt 

;  .  .:  f  .  Opcralmg;  0*  to +70*  C 

Storage: 

m 

5VOC±05VC)C 

5VOCi‘05»B 

cmm 

.;(IMX) 

'  ■  ’  60inA-250KH2  to  2.999  MHz 
r  35mA  *3  MHz  to  31.999  MHz 
.  45mA -32  MHz  to  80  MHz 

20mA- 50010b  teS 
30mA -20.00000^0 

40mA- 35.000  MHz^ 

Spiiftiy 

.  40  to  60%  Nofrrial. 

45  to  55%  Tight  01.4V  DC 

40to60%No$ 

45to55%ri^£ 

;  .Rtoa 
aai 

.  '  Fall 
:  Tint 

•-  >  1  ISftsmax- Und«r9MHz 

10ns  max  -  9  MHZ  to  32  MHz 
f  ..  16ns  max -32  MHz  to  80  MHz 

lOns-SOOKHz'lo^ 
6ns- 24.000  MKttog 

graai 

0.4V  max.  Sink  to  16mA 

+05V(VO%)^» 

IE3iil 

Jit  s  +Z4V  min.  Sourco  0.4mA 

♦4.5V{90%Jft 

1  to  10  m  Loads  *  * 

a-15|)f(typ)  (10TT 

sUMlity  OTM  r  C  to  tTT 


«.t9%  ptmm  ii^ply  nrtotiM,  aitof.  sM  uto  vibnttoa. 

Part  Nambering  System 

EaMK  C011»4.0iH 


■  'tti 


Fan^ 

COI-TTUMISai  - 
C013-TTUHi«Sia 
C06*HCM(^ft4'ste 
C012-  H  CMOS,  Half  St? 


• 

IN 

.. 

- 

4.999 

Frequency  StaMrty 
100 -100  ppm 
osa-soppm 
025-25  ppm 

Frequency 

On  MHz) 

EnMUcI 


Symmetiy 
N-Nonaat 
(Usualybi 
T- Tight  (4 


Stock 

a«. 

' ;  Mr:'i 

Typq 

lisa 

18M)p 

f99>1199 

CO1 100-1.8432 

14  Pin 

3.93 

359 

I99-1119 

gggsggg 

14Pin 

3.34 

2.M 

991-1129 

14Pin 

3.34 

2.M 

999-1139 

cofioo-10.000 

14  Pin 

3.34 

2.M 

191-1149 

11.05920 

14  Pin 

3.34 

2.89 

999-1159 

CQljOO-U5l818 

1451818 

14  Pit 

3.34 

2.99 

999-1in 

18.43200 

14Pin 

3.34 

2.n 

999-1178 

edi  100-24.000 

24.00000 

14  P« 

3.34 

2.n 

999-1189 

32.00000 

14  Pin 

3.34 

2.88 

999-1199 

BBSESI 

X.OOOOO 

14  Pin 

3.n 

3.39 

999-1299 

COIKXMO.OOO 

40.00000 

;  14  Pm 

3.77 

3.39 

999-1219 

CO110(M8.p00 

48lOOOOO 

14Pm 

3-77 

359 

991^1229 

C0110050.000 

50.00000 

14  Pm 

3.77 

3.39 

m-izse 

66.66600 

14  Pm 

3.82 

3.a 

990-1249 

C01 100^.000 

300000 

14  Pi) 

6.56 

5.63 

«QfdK:  tSwnnn,Oto120*C.3qfdei.2hotirs 
mx.Hdl.2Str  CM 
^  10006‘I  OJSfli  SH.  Mt  sm  WM.  3  shocks 


.SOnm  OA.  S5-2000HZ.  3SG's. 


Hdioim: 


.  06%  nMH  ankay,  d  t«*  C.  2S0  horn. 


GmstnkTcsC  Alanto100%Miitstid 
Hradkaly  SmM  Um  spKtromtMf  tuk 
Package  1(H  donn  cc/skl  a(  hoii 

SedStnogOi:  Okm  ran.  tom  pttp.  to  it 

SHdrot  WtoMStttindiHLteodt 

Ifaftongtoic  .  tpcBff.tum  a^  ^  ^  • 
SofHrt  ftatokancK  )sotKQffi  dcotid,  Trtchoic 


Tuning  Fork  Quartz  prystbj  Units  32.768  KHz 


Specifications'  < 

!^y-  •!,  0^-;  t:  - ' 

HoMcrTygq/iM  - 

IB9  -.V.. 

NowtotoffcpwiTZrC  ^ 

32.798  KHz  i^ppoi. 

TTaoeyTiwgiiawc 

24-C±4!C 

Cwnton  CiMtai 

m035ppm/*C^  . 

uonif  rwior \  ' 

80,000  typ/ 50,000  min 

EqMvatool  Strics  RtsMnet  Ri 

IBKQtyp 

IMtoMlCipK9ttc«Ci 

0.003SpFtyp 

SkMlCapadtoKtC#^  - 

l:7uFtyp^  •' 

CapadtoMR^ 

490lyp 

MoBcmtoiirtiiciLi 

7mHtyp 

Agtof(FMYMr)  . 

tSpprn 

Opwiltof  TrapwaUn  Rmh 

-10-Cto460*C 

Stocait  Tctoptfiton  Raafc 

-streto+Kkre 

atordODk) 

{t72im.tta.lg 


R38 


Stock 

Nc. 

Mb.l 

1 _ y* _ 

Type 

1-24 

25-49 

990-2000 

R38-32.768 

1.59 

9.35 

aiir(£00() 
pjOmm  (10.11 


oorttiXM 

p.lmm(lOLl| 


.»s*(ii»g|., 

PLOimi(tluS 

1' 

pa0mm£3| 


,aoi2’(»i3egfrjD0i) 


[jOSiimHLTJHLOQ 


Alsq  Available: 

►  Microprocessor  CrysUI  Units  HC49  Short  (AT  Strip)  ^ 

:►  Microprocessor  Ciystal  Units  Surface  Mount  -  TT-SMO 

'.  'd'v 

►  Clock  Oscillators  -  Dual  Output 

►  Clock  Oscillators  -  Enable/Disable 

►  Clock  Oscillators  ECL  Compatible 

►  Clock  O^ilators  •  HCMOS  Compatible 

►  Voltage  Controlled  Crystal  Oscillators  ^  VCXO 

►  Tem^rataiie  Compensated  Crystal  Oscillators  -  TCXO 

►  MonolHbic  Crystal  Fitters 

►  Ceramic  Resonators  -  200  to  800  KHz,  2,000  to  12.000  MHz 

Raltron  manufactures  one  of  the  most  complete  product  lines  of  frequency  m 
components  including  high  quali^  crystal  units,  oscillators,  filters,  and  C( 
onators  both  througlHiole  and  surface  mount  ' 

Because  the  product  line  is  so  complete,  the  inventory  so  large,  Raltron  anc 
offer  pricing  that  is  always  competitive,  and  often  far  lower  than  the  competiti 


Call  YourKiMrestAHted  Location  (1-800-433-5700)  ForQalck , 


136  ^  ALLIED 


PHILIPS 


'esistors  and  Ki^ 


erie  '  Commercial  SMD  Chip  Resistors 


'6  surface  mounted  chip  resistor  consists  of  a  glass  pass^3ted  thick  film  resistive  paste  screened  onto  a  high  purt/  alumina 
ramie  substrate.  The  nominal  resistance  value  is  achieved  by  varying  the  composition  of  the  paste  prior  to  the  screening  process 
d  by  laser  trimming  the  film  after  it  has  been  screened  on  to  insure  mechanical  and  environmental  integrity,  the  chip  is  covered 
th  a  silicon  based  “procoat."  The  conductive  layer  consists  of  a  precious  metal  and  a  wrap  around  termination  is  deposited  at 
ch  end  to  allow  mechanical  and  electrical  attachment.  These  chip  resistors  and  adaptable  to  high  speed  automated  mechanization 
sembly.  They  allow  excellent  pnnted  circuit  board  density  as  well  as  utilization  of  both  board  sides.  Zero  ohm  lumper  available  as 
stem  order  in  full  reels  only. 


SEl  Electronics  Inc. 

F01LMBU.Y  STAOtPOtE  ELECTROMCS  INC 


-  pntKtfvf  cMl 
-rtthlor  lairtr 
-iMir  iltctrebi 
tBonination 


Stock 

No. 

MIr.'s 

Philips 

Tol. 

Wattage 

Value 

Value 

j  Dimensions  (In.)  | 

PER 

Type 

No. 

% 

O70*C 

Range 

Chart 

A 

B 

C 

0 

i  E 

1-5 

297-91XX 

9C1206 

9C12063A-FK 

1 

'/8 

10(^tOl  M 

D 

126 

.063 

.023 

.016 

.020 

3.73 

297-93XX 

9C1206 

9C12063A-JL 

5 

V4 

ionto  1  M 

c 

126 

063 

.023 

016 

.020 

2.76 

297-95XX  1 

9C0805 

9C08052A-JL 

5 

’/iG 

loritoi  M 

C 

079 

049 

.024 

.016 

.016 

3.31 

297-96XX  ! 

9C0805 

9C08052A-FK 

1 

'/io 

10  a  to  1  M 

D 

079 

.049 

.024 

016 

.016 

4.08 

6-25 


harl  C  5%  Values 


Ohms  XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

Ohms 

XX  Ohms 

10  10 

39 

18 

200 

26 

470 

34 

2700 

42 

5600 

50 

30  K 

58 

100  K 

66  390  K 

20  12 

47 

20 

270 

;  28 

560 

36 

3000 

44 

10K 

52 

39  K 

60 

200  K 

68  470  K 

27  14 

56 

22 

300 

1  30 

1000 

38 

3900 

46 

20  K 

54 

47  K 

62 

270  K 

70  560  K 

30  16 

100 

24 

390 

1  32 

2000 

40 

4700 

48 

27  K 

56 

56  K 

64 

300  K 

72  1  Meg 

Series  9B  Precision  MELF  Surface  Mount  Resistors 

The  MELF  resistor  consists  of  a  high  alumina  core  on  which  metal  film  is  deposited.  A  cap  is  applied  at  each  end  and  the  resistor  is 
spiralled  to  value.  The  resistor  is  then  coated,  color  coded,  and  end  caps  treated  to  facilitate  soldering.  Zero  ohm  jumper  available 
as  custom  order  in  full  reels  only. 


Dimensions  (In.) 


PER  PK./1000 


2^  X  91 

297-0  iXX  91 

rtO  1%  Values 


9B08052A-FC 

9B14064A-FC 


lOQtOl  M 
10QtOl  M 


Ohms 

XX 

Ohms 

XX 

Ohms 

XX 

10 

03 

49.9 

15 

200 

27 

15 

06 

75 

18 

301 

30 

20 

09 

100 

21 

499 

33 

30.1 

12 

150 

24 

750 

36 

RCD  Chip 
Resistor  Kits 


Economical  Pricing 

Great  lor  Engineering  Labs  Or 
Prototyping 

Packaged  In  Plastic  Boxes 


IIII^P  ir|f- 
'Z-l-  P  1!  iiT 
I'  Pj’'  |ii  jT 


Thin  Film  Kits 


Thick  Film  Kits 


0805  Thick  Film  5% 

Provides  MC0805  5%  parts,  122  values.  10  pieces  each.  10  Q 
to  1  M  (including  zero  ohm)  in  200  ppm  parts.  1220  pieces 
total. 

849-5000. 0805J10 . EACH  55.89 


0805  Thick  Rim  5% 

Same  as  above,  except  50  pieces  each,  61 00  pieces  total. 
849-5005. 0805J50 . l.EACH  116.55 


0805  Thick  Rim  1% 

PnM'*^  MCR0805 1%  parts,  72  values.  10  pieces  each.  10  Q 
to  '*  X  ppm  parts.  720  pieces  total. 

84^^0805h0 . each  58.50 


0805  Thick  Film  1% 

Same  as  above,  except  50  pieces  each,  3600  pieces  total. 
849-5015. 0805F50 . EACH  137.07 


1206  Thick  Film  5% 

Provides  MCI  A  5%  parts.  24  values,  10  pieces  each.  10  O  to 
1  M  {including  zero  ohm)  in  200  ppm  parts.  240  pieces  total. 

849-5020.120^10 . EACH  25.00 

1206  Thick  Film  5% 

Provides  MC1 A  5%  parts.  122  values.  10  pieces  each.  10  Q  to 

1  M  (including  zero  ohm)  in  200  ppm  parts.1220  pieces  total. 

849-^5. 1206J10 . EACH  55.89 

1206  Thick  Film  5% 

Same  as  above,  except  50  pieces  each.  6100  pieces  total. 
849-5030. 1206J50 . EACH  115.00 

0805  Thin  Film  0.5% 

Provides  BLU-0805  0.5%  parts,  97  values.  100  pieces  each. 
10  a  to  100  Kn  in  50  ppm  parts.  9700  pieces  total. 

849-5035.  B0805D1 00 . EACH  915.00 

1206  Thin  Film1% 

Provides  BLU-1206  1%  parts.  106  values.  10O  pieces  each. 
1 0  n  to  240  Kn  in  25  ppm  parts.  1 0,600  pieces  total. 
849-5050.  B1206F100 . EACH  1725.00 


SEl  Kits 


Surface  mount  thick  film  chip  resistor  design  kits  for 
RMC-Va  {1206  size)  in  5%  and  1%  tolerances.  RMC-Vio 
(0805  size)  in  5%  and  1%  tolerances  and  RMC-Vis  (0603 
size)  in  5%  tolerance  only.  Kits  have  30  samples  per  value. 
5%  kits  have  60  values  (E24)  and  1%  kits  have  120  values 
(E96).  Kit  includes  product  specifications,  packaging 
guidelines,  performance  data  and  the  chip  samples. 
Replacement  parts  available  In  1000  piece  bulk  packaging 
or  5000  piece  tape  and  reel.  Packaged  in  plastic  notebook 
pages  in  three-ring  binder. 

894-0100.  RMC-Vs.  5%  1206  kit . EACH  79.00 

894-0105.  RMC-Vs.  1%  1206  kit . EACH  115.50 

894-0110.  RMC-J/io.  5%  0805  kit . EACH  79.00 

894-0115.  RMC-Vio.  1%  0805  kit . EACH  115.50 

894-0120.  RMC-'Ae.  5%  0603  kit . EACH  107.75 


Depend  On  Allied  For  The  Latest  In  Industrial  Electronics  Components 


AWED  ►  1153 


-HEW- 


PHiLlPS 


Monolithic  SMD*  Chip  Capacitors 

►  Monolithic  Constniction 

CMC  Case  Size  Dimensions  —  Millimeters  (Inches)  _ _ — _ - 

'easel  Unoth  I  Width  I  Haight  (H)  |  Tem..  Wi«h(P) 

Size  (L)  (W) 

0603  1.6  ±.10  0.80  ±.10 

(.063  ±.004)  (.032 ±.004) 

0805  2.0  ±.10  '-25  ±10 

(.079 ±,004)  (.049 ±.004) 

1206  3.2  ±.15  1.6  ±.15 

(.126  ±  .006)  (,063  ±  .006) 


Ceramic  Caji 


0.25  0.65 

(.010)  (.026) 


Temperature 

Coefficient 


Tolerance 


Ceramic  Dielectric 
Inner  Eiectrcxle 


bvter  Termination  (Ag) 
Nickei  Plated  Barrier  Layer  ' 


TeVLead  Plating 


PER  reel! 


748-5002 

748-5004 

748-5008 

748-5010 

748-5012 

748-5016 

748-5018 

748-5020 

748-5022 

748-5024 

748-5028 

748-5028 

748-5030 

748-5032 

748-5034 

748-5036 

74^5040 

748-5042 

748-5044 

748-5046 

748-5050 

748-5052 

748-5054 

748-5056 

748-5058 

748-5060 

748-5062 

748-5064 

748-5066 

748-5068 

748-5070 

748-5072 

748-5074 

748-5076 

748-5078 

748-5080 

748-5082 

748-5084 

748-5086 

748-5088 

748-5090 

748-5092 

748-5094 

748-5096 

748-5098 

748-5100 

748-5102 

748-5104 

748-5106 

748-5108 


0603CG100J9B20 

0603CG180J9BB0 

0603CG220J9BBO 

0603CG270J9BB0 

0603CG470J9BBO 

0603CG101J9B20 

06032R331K9B20 

06032R102K9BB0 

06032R222K9B20 

06032R472K9BB0 

06032R103K9BB0 

06032F103M9B20 

06032F473M9B20 

06032F104M8B20 

080SCG100J9BBO 

0805CG1S0J9BB0 

0805CG220J9BBO 

0805CG270J9BBO 

080SCG330J9BBO 

0805CG470J9BBO 

0805CG560J9BBO 

0805CG680J9BBO 

0805CG101J9BBO 

0805CG221J9BBO 

0805CG271J9BB0 

0805CG331J9BBO 

0805CG471J9BBO 

0805CG102J9BB0 

08052R102K9BB0 

08052R472K9BB0 

08052R103K9BBO 

08052R473M8BB0 

08052R1Q4M8BBO 

1206C6220J9BBO 

1206CG270J9BBO 

1206CG330J9BB0 

1206CG470J9BB0 

1206CG101J9BBO 

1206CG221J9B80 

1206C6331J9BB0 

1206CG471J9BBO 

1206CG102J9BB0 

1206CG222J9BB0 

12062R102K9BBO 

12062R103K9BBO 

12062R473K9BBO 

12062R104K9BBO 

12062E103M9BBO 

12062E473M9BBO 

12062E104M9BB0 
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INITIAL  DISTRIBUTION  LIST 


1.  Defense  Technical  Information  Center  2 

8725  John  I.  Kingman  Rd.,  STE  0944 

Ft.  Belvoir,  VA  22060-6218 

2.  Dudley  Knox  Library,  Code  52  2 

Naval  Postgraduate  School 

Monterey,  CA  93943-5101 

3.  Chairman,  Code  EC  1 

Department  of  Electrical  and  Computer  Engineering 

Naval  Postgraduate  School 
Monterey,  CA  93943-5121 

4.  Prof  Douglas  J.  Fouts,  Code  EC/Fs  2 

Department  of  Electrical  and  Computer  Engineering 

Naval  Postgraduate  School 
Monterey,  CA  93943-5106 

5.  Mr.  Randy  L.  Borchardt,  Code  EC/Bt  I 

Department  of  Electrical  and  Computer  Engineering 

Naval  Postgraduate  School 
Monterey,  CA  93943-5121 

6.  Prof  Todd  R.  Weatherford,  Code  ECAVt  1 

Department  of  Electrical  and  Computer  Engineering 

Naval  Postgraduate  School 
Monterey,  CA  93943-5121 

7.  LT  Christopher  S.  Mooney  2 

VS-41  NAS  North  Island 

San  Diego,  CA  92135 


